Tillage and continuous cropping influence on corn genotypes by McWilliams, Denise Ann
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1988
Tillage and continuous cropping influence on corn
genotypes
Denise Ann McWilliams
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agricultural Science Commons, Agriculture Commons, and the Agronomy and Crop
Sciences Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
McWilliams, Denise Ann, "Tillage and continuous cropping influence on corn genotypes " (1988). Retrospective Theses and
Dissertations. 9699.
https://lib.dr.iastate.edu/rtd/9699
INFORMATION TO USERS 
The most advanced technology has been used to photo­
graph and reproduce this manuscript from the microfilm 
master. UMI films the original text directly from the copy 
submitted. Thus, some dissertation copies are in typewriter 
face, while others may be from a computer printer. 
In the unlikely event that the author did not send UMI a 
complete manuscript and there are missing pages, these will 
be noted. Also, if unauthorized copyrighted material had to 
be removed, a note will indicate the deletion. 
Oversize materials (e.g., maps, drawings, charts) are re­
produced by sectioning the original, beginning at the upper 
left-hand comer and continuing from left to right in equal 
sections with small overlaps. Each oversize page is available 
as one exposure on a standard 35 mm slide or as a 17" x 23" 
black and white photographic print for an additional charge. 
Photographs included in the original manuscript have been 
reproduced xerographically in this copy. 35 mm slides or 
6" X 9" black and white photographic prints are available for 
any photographs or illustrations appearing in this copy for 
an additional charge. Contact UMI directly to order. 
•UMI 
Accessing the World's Information since 1938 
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA 

Order Number 8826420 
Tillage and continuous cropping influence on corn genotypes 
McWilliams, Denise Ann, Ph.D. 
Iowa State University, 1988 
U M I  
300N.ZeebRd. 
Ann Aibor, MI 48106 
! •  
PLEASE NOTE: 
In all cases this material has been filmed in the best possible way from the available copy. 
Problems encountered with this document have been identified here with a checit marl< V . 
1. Glossy photographs or pages 
2. Colored illustrations, paper or print 
3. Photographs with dark background 
4. Illustrations are poor copy 
5. Pages with black marks, not original copy 
6. Print shows through as there is text on both sides of page 
7. Indistinct, broken or small print on several pages 
8. Print exceeds margin requirements 
9. Tightly bound copy with print lost in spine 
10. Computer printout pages with indistinct print 
11. Page(s) lacking when material received, and not available from school or 
author. 
12. Page(s) seem to be missing in numbering only as text follows. 
13. Two pages numbered . Text follows. 
14. Curling and wrinkled pages 
15. Dissertation contains pages with print at a slant, filmed as received 
16. Other 
ï -
Tillage and continuous cropping Influence on corn genotypes 
by 
Denise Ann McWilllams 
A Dissertation Submitted to the 
Graduate Faculty In Partial Fulfillment of the 
Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Department: Agronomy 
Major: Crop Production and Physiology 
Approved : 
In Charge of Major('Jwork 
For^he Major Depart; 
Graduate College 
Iowa State University 
Ames, Iowa 
1988 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
11 
TABLE OF CONTENTS 
PAGE 
GENERAL INTRODUCTION 1 
Explanation of Dissertation Format 2 
LITERATURE REVIEW 4 
Introduction 4 
Tillage: Conservatlonal Versus Conventional Tillage 5 
Conservation tillage advantages 7 
Soil erosion 7 
Soil moisture 7 
Time savings and cost reductions 8 
Conservation tillage disadvantages 8 
Soil temperature and residue accumulation 9 
Disease 10 
Residue: Crop Residue Influence on Soil Nutrient 
Uptake 11 
Residue C/N ratios 12 
Residue decomposition products 13 
Chemical: Natural Chemicals Derived from Residue 15 
Allelochemlcals 16 
SECTION I. FIELD TRIALS 23 
ABSTRACT 25 
INTRODUCTION 26 
MATERIALS AND METHODS 28 
i l l  
RESULTS AND DISCUSSION 32 
APPENDIX 57 
SECTION II. GROWTH-CHAMBER TRIALS 107 
ABSTRACT 109 
INTRODUCTION 110 
MATERIALS AND METHODS 112 
RESULTS AND DISCUSSION 115 
APPENDIX 121 
SECTION III. CONSTANT-TEMPERATURE-ROOM TRIALS 143 
ABSTRACT 145 
INTRODUCTION 146 
MATERIALS AND METHODS 148 
RESULTS AND DISCUSSION 152 
APPENDIX 161 
GENERAL SUMMARY AND CONCLUSIONS 
LITERATURE CITED 
ACKNOWLEDGEMENTS 
173 
177 
189 
1 
GENERAL INTRODUCTION 
Corn (2fifiL mavs L.) following corn almost always yields 
less than corn following soybeans (Glycine max (L.) Merr.) 
or alfalfa fMedicaao aativa L.), even when higher rates of 
applied nitrogen are used to compensate for the nitrogen 
contribution of previously grown legumes (Baldock et al., 
1981; Shrader and Voss, 1980; Sperow, 1983). In some years, 
the yield reduction of second-year corn can be explained by 
increases in insect or disease damage. Many times, however, 
these factors do not fully account for the yield reductions 
observed. 
Corn residue remaining on second-year corn fields may 
contain allelochemicals that limit corn growth. Yakle and 
Cruse (1983) found that a layer of corn residue in soil-
filled pots reduced corn growth in greenhouse experiments. 
Filtered-water extracts of corn residue also can reduce 
germination and limit seedling growth (Guenzi and McCalla, 
1962; Yakle and Cruse, 1984). Unfortunately, little 
research has been done to determine whether corn residues 
reduce corn growth in the field. 
Some corn genotypes may have a natural tolerance to 
specific corn residues. And, some corn genotypes may 
produce residues that are less toxic. Research with wheat 
(Triticum aeativum L.) has shown that tolerance of wheat 
cultivars to residue varies (Kimber, 1973b), and that 
phytotoxicity of residues differ among cultivars (Guenzi et 
al., 1967). Although similar information is not available 
for corn. Hicks and Peterson (1981) reported that yields of 
corn after corn were higher when alternate hybrids were 
grown than when the same hybrid was produced every year. 
Yield differences in their study may have resulted from 
individual hybrid tolerance to residues or from the lower 
2 
toxicity of the residue of some hybrids. 
Crop residues accumulate and persist in reduced-
tillage systems. Thus, residue toxicity may be a greater 
problem in these systems. Because acceptance of reduced 
tillage has expanded rapidly In Iowa, a field study was 
initiated to determine if a fall-plow tillage system is more 
advantageous, especially to certain corn genotypes, than no-
till on either continuously cropped or fallowed land. 
Additionally, the study was developed to determine if 
variable residue tolerances exist among corn genotypes. 
This preliminary work may define the factors that decrease 
corn yield in continuously cropped fields, or that likewise 
Increase corn yield In alternate cropping sequences. 
Thus, the objectives of the research were: 
1) to determine the variability among corn genotypes 
for tolerance to corn residue, 
2) to determine if fall plowing is more advantageous 
to certain genotypes than.no-till, and 
3) to determine if corn residue limits corn growth and 
yield in second-year corn fields. 
The completed research used field, growth chamber, and 
laboratory studies conducted over a three-year period. 
Public inbred and hybrid lines were evaluated for their 
tolerance to corn residues. 
Explanation of Dissertation Format 
This dissertation is in the "alternate" science format 
and consists of five parts. A literature review of tillage, 
residue, and chemical effects on field crops makes up the 
first part. Sections I, II, and III are a series of 
manuscripts that will be submitted for publication. These 
manuscripts examine possible yield limiting factors on corn 
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yield by sequentially eliminating environmental factors that 
could cause reduced crop growth and yield. The fifth part 
of this dissertation is a general summary of the research 
findings. All sections are co-authored by Dr. T.C. Kaspar, 
who advised in the research design, implementation, and 
manuscript preparation. 
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LITERATURE REVIEW 
Introduction 
Crop breeders develop hybrids that produce respectable 
yields under many different growing conditions; however, a 
multitude of factors other than genetics play a part in 
determining crop yield (Reagan, 1987). Soil types, 
tillages, crop residues, nutrient availabilities, climates, 
plant populations, soil microbial populations, as well as 
moisture and disease fluctuations cause differences in plant 
growth. Management of these contributing factors is one way 
to optimize economic yield. Because each individual factor 
can Interact with each of the others, it is difficult to 
determine the precise combination that optimizes return. 
Residue decomposition involves complex chemical and 
physical Interactions, transformations, and syntheses 
(Patrick et al., 1964). At any one time, the soil 
environment can contain a vast variety of chemical 
compounds. Plant residues and their decomposition products 
Interact with virtually all the physical and biochemical 
processes in the soil. These interactions can directly or 
indirectly affect plant growth. Plant morphological changes 
can be induced by decomposition products. Furthermore, a 
plant's biochemical or physiological condition may be 
Influenced by these products to the point where a weakened 
plant easily succumbs to disease. Cochran et al. (1977) 
stated that "some root rots are initiated by the direct 
toxic action of plant residues." In many cases, detrimental 
soil pest activity may be secondary to Initial residue 
chemical Injury. 
An examination of research work on separate factors 
Influencing crop yield and growth has been summarized In 
this literature review under three broad topics: tillage. 
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crop residue, and chemical processes. Allelopathy Is 
presented In this review as an explanation for decreased 
yields In continuously cropped systems. 
Allelopathy deals with a variety of  chemical reactions 
among plants; therefore. It Is difficult to separate 
allelopathy and competition (Drost and Doll, 1980). Because 
of this difficulty, lab and greenhouse techniques are mainly 
used when Identifying an allelochemlcal. Ultimately though, 
allelopathy must be demonstrated under field conditions. 
Someday, field studies may find and Isolate allelopathlc 
compounds that limit growth of agronomic crops. If evidence 
such as reduced yield In corn can be connected to surface 
residue effects, perhaps eventually the chemicals, 
microorganisms, soil environments, or the Interactions of 
these factors can be Identified as the causal agents In 
allelopathlc activity. 
Tillage: Conservâtlonal Versus Conventional Tillage 
A conservation-tillage system produces a different soil 
environment for corn growth than does a more intensive 
tillage system. Conservation tillage reduces soil erosion 
because surface residue lessens soil movement (Lai, 1979; 
Phillips et al., 1980). In the Midwest, 46% of the corn 
crop was planted under some form of conservation tillage 
during 1986 (Agrichemlcal Age, 1986). In Iowa alone, 
conservation tillage is now practiced on over 50% of the 
corn and soybean acreage, compared with less than 25% ten 
years ago. The best corn genotypes for culture under 
conservation tillage systems, however, may be different from 
the genotypes used in conventional tillage systems (Selfert, 
1983). Some genetic characteristics that could be 
advantageous in conservation tillage systems are: 
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1) Improved cold tolerance and germination because of the 
lower soil temperatures In conservation tillage regimes, 
2) improved disease resistance or tolerance to disease 
Inoculum present on plant residue, 3) Improved Insect 
resistance or tolerance to insects that overwinter in plant 
residue and undisturbed soil, 4) Improved seedling vigor and 
ability to compete with increased weed pressure due to more 
erratic herbicide action with conservation tillage, and 
5) increased crop tolerance to higher and more active 
herbicide rates and detrimental allelochemlcals found in 
conservation tillage systems. 
The main problems in conservation tillage systems stem 
from the accumulation of surface residues that affect 
seedling emergence and growth. In some years and locations, 
surface residues reduce or slow emergence (Erbach et al., 
1980; Kelly, 1977). Surface residues also can slow growth 
and retard crop development (Griffith et al., 1973; Mock and 
Erbach, 1977). Occasionally, surface residues can severely 
reduce corn yields (Erbach et al., 1980; Kelly, 1977). 
Reductions in crop growth and yield In conservation 
tillage systems often have been attributed to the reduced 
soil temperatures found under surface residues (Mock and 
Erbach, 1977). Other factors, however, such as the presence 
of phytotoxlns in the residues also may reduce crop growth 
and yield (Cochran et al., 1977; boran and McCalla, 1976). 
Research that identifies the factors that limit growth in 
conservation-tillage systems could lead to improved or 
stabilized yields. This research could help to Improve 
management of conservation tillage systems in: 1) planning 
and regulating tillage in cropping systems while achieving 
soil and water conservation, 2) minimizing phytotoxlcity, 
3) designing suitable tillage machinery compatible with good 
conservation practices and minimal phytotoxlcity, and 
7 
4) breeding crops adapted to the less costly conservation-
tillage systems (McCalla and Norstadt, 1974). 
conservation tillage advantaaas 
Development o£ corn hybrids adapted to the severe 
environments under conservation tillage as well as the 
development o£ better rotational or residual management 
plans could lead to improved or stabilized grain yields. 
Indeed, well planned conservation-tillage management along 
with adapted crop genotypes could offer long-term benefits. 
Some of the possible benefits are erosion control, moisture 
conservation, time savings, and general cost reduction. 
Soil erosion Plowing soils reduces the residue 
cover and exposes soils to erosion (Colvin et al., 1985; 
Voorhees and Lindstrom, 1983). Conservation tillage 
practices help offset this erosion hazard (Voorhees, 1979). 
Any tillage implemented reduces the amount of residue on the 
surface thus, better machinery design and use with 
conservation tillage practices could conserve the surface 
cover. 
Soil moisture Although initial growth has been 
shown to be slow under mulch, growth rates and yields later 
in the growing season can be superior for no-tillage as 
compared with bare soil (Moody et al., 1963). Such a 
pattern may occur because of conserved moisture, in one 
experiment, available soil water content throughout the 
growing season increased as quantity of crop residues on the 
soil surface increased (Power et al., 1981). Maximum soil 
temperatures increased as residue rates on the soil surface 
decreased. The higher soil temperatures and decreased soil 
water content that resulted from reduced-surface residues 
greatly increased stress on plants. Moisture in the upper 
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0-10 cm of soil was significantly higher for no-tlll than 
for conventional tillage throughout the season (Blevlns et 
al., 1983). 
Time savings and. cost reductions Less time Is 
required to perform farming operations on conservation-
tilled land. Costs vary depending on machine use, tillage 
speed and depth, field size, soil condition, and machine 
size (Reichenberger, 1987). Generally, however, 
conservation tillage requires less labor, less equipment, 
and fewer field operation hours. 
Conaervatlon tillage disadvantaqaa 
The advantages of reduced tillage do not explain the 
corn yield reductions that frequently occur In minimum-
tillage systems in the northern areas of the Corn Belt 
(Griffith et al., 1973; Richey et al., 1977; Mock and 
Erbach, 1977; Tekrony and Miles, 1986). Conservation-
tillage systems reduce corn plant stands and have slower 
plant growth rates than conventional-tillage systems 
(Griffith et al., 1973; Erbach et al., 1980). In some 
years, yield reductions of second-year corn can be explained 
by simple Increases In insect or disease damage. Many 
times, however, these factors do not fully account for the 
yield reductions observed. 
In general, the effect of tillage on grain yield and 
mature-plant characteristics seems to be very dependent on 
environmental factors and thus, often varies from year to 
year (Hallauer and Colvin, 1985; Mock and Erbach, 1977; 
Griffith et al., 1973). Tillage system had a relatively 
small influence on grain yield in a 1983 study, but in 1984 
and 1985, grain yields in no-tlll were lower (Imholte and 
Carter, 1987). In this study, the lower yields were hot due 
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to reduced plant stands as corn was over-planted and thinned 
to equal densities, but a relationship between cumulative 
growing degree days (ODD) during gralnflll (silk to frost) 
and grain yield was apparent. Swan et al. (1987) also 
showed that corn growth delay In no-tlll due to In-row 
residue cover and cool soil temperatures was related to 
grain yield reductions, especially when cumulative ODD were 
Insufficient for crop maturity before frost. . Higher no-tlll 
yields for some hybrids might be Induced either by removing 
residue from the row during planting or by only using no-
tlll following crops leaving less residue than corn, 
gail temperature and. residue accumulation One 
problem that occurs with conservation tillage Is lower soil 
temperature. Crop residues left on the soil surface in a 
conservation-tillage system usually reduce soil temperature 
(Phillips and Phillips, 1984). Early in the growing season, 
soil temperatures In moldboard-plowed plots are warmer than 
those In disked or no-tilled plots (Erbach et al., 1986). 
Average temperatures decrease as the amount of plant residue 
on the soil surface increases (Mock and Erbach, 1977). 
Residues reduce soil temperature by Increasing the 
reflectance of solar radiation and by keeping the soil more 
moist (Amemlya, 1970). Surface mulch associated with no-
tillage actually lowers soil temperatures at depths ranging 
from 2.5 to 10 cm (Phillips, 1974; Moody et al., 1963). 
Mulch also reduces the diurnal fluctuation in soil 
temperature. Lowered emergence and growth rates of corn 
seedlings have been correlated with this reduction in 
temperature in no-tlll production (Griffith et al., 1973; 
Moody et al., 1963; Burrows and Larson, 1962). Tillage 
further influences soil temperature by altering soil thermal 
properties and surface configuration (Potter et al., 1985). 
Johnson and Lowery (1985) showed that a system using a 
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chisel with minimum-t111 allowed the soil to reach the 
minimum temperature for corn germination 3 to 10 days later 
than conventlonal-moldboard plowing. 
Soil temperature has a significant effect on corn 
emergence. Management practices that Increase soil 
temperature would benefit early established corn (Schneider 
and Gupta, 1983). Increased soil temperature Is Important 
In the upper Midwest because short growing seasons limit 
corn production. Soil temperature not only Influences 
emergence, but Is one of the most Important factors 
controlling seedling growth up to 4 to 6 weeks after 
emergence (Walker, 1969; Alessl and Power, 1971; Watts, 
1973). Schneider and Gupta (1985) found that an average of 
40 additional ODD were needed for corn emergence under 
several conservation-tillage systems and surface-residue 
conditions. Yields with no-till or delayed planting were 
related to the GDD between corn silk and the first 0°C 
frost. 
Thus, surface residues, which prevent soil erosion In 
conservation tillage systems, can also be the cause of one 
of the principal disadvantages of this system—reduced soil 
temperature. 
Disease Plant residues provide a place for plant 
pathogens to live and reproduce (Cook et al., 1978). Lower 
yields often observed in conservation tillage can be caused 
by disease. Along with weed competition, disease is one of 
the detrimental results of switching to conservation tillage 
(Vallulls, 1987). With 20-30% of the plant residue left on 
the soil, a moister, cooler surface environment develops 
that encourages populations of disease pathogens. 
In Washington, Idaho, and Oregon, a new disease has 
appeared in no-till fields (Crops and Soils, 1984). The 
disease, occurring in winter wheat, spring wheat, and spring 
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barley fHordeum vulaare) fields, stunts plants. A combine 
cutter bar will pass over the plants without harvesting any 
grain. Australian scientists also have observed a disease 
they call "bare patch." The disease, which appears to be 
the same disease as that found in the Northwestern United 
States, is caused by a unique strain of Rhlzoctonla aolanl. 
and is only prevented by clean tillage and warm, not-too-
moist seedbeds. 
In corn an Increase of anthracnose, a disease causing 
both leaf blight and a stalk rot, has been noted in no-till 
fields (Valiulls, 1987). An Ohio plant pathologist, Llpps, 
who has studied this problem has shown that development of 
severe leaf blight depends on weather conditions and residue 
cover. The greater amount of residue in no-till as compared 
with plowed corn fields means a greater probability for 
anthracnose. 
Residue: Crop Residue Influence on Soil Nutrient Uptake 
Along with temperature and moisture effects, nutrient 
availability is also altered in no-till systems. Any factor 
that impairs the activity of the three basic systems in a 
plant (mineral nutrition, water relations, and dry-matter 
accumulation) could be responsible for reductions in plant 
growth (Buchholtz, 1975). Nutrient availability is often 
one of the first factors examined when poor plant growth 
occurs. 
In one study, tillage accelerated the decomposition of 
soil organic matter, and caused accelerated mineralization 
of soil, organic nitrogen (N) (Giddens, 1957). And, greater 
soil N mineralization has been observed in plowed rather 
than in no-till soils (Doran and Power, 1983; Dowdell and 
Canneli, 1975; Powlson, 1980; Kladivko and Keeney, 1981; 
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House et al., 1984). Thus, relative depletion of the soil N 
reservoir Is almost always observed in long-term tillage 
system comparisons. Plowed soils contain less organic 
carbon (C) and N than no-till soils (Blevins et al., 1977; 
Dick, 1983; Ooran, 1980; Lai, 1976). A relatively greater N 
availability in conventional tillage may be observed 
initially, but not persistently (Rice et al., 1986). In a 
15-year study, the lower availability of N frequently 
observed in no-till soils seemed to be a transient effect. 
Soil N availability in no-till approached that in 
conventional tillage after 10 years. In the first 9 years 
of this study, however, corn yields with no N fertilizer 
were consistently greater in conventional tillage plots than 
in no-till plots. But, in plots using high supplemental N 
rates, yields were approximately equal. Indeed, fertility 
in this case seemed to be the only limitation to crop growth 
parameters and yield. 
Residue g/H ratloa 
Nitrogen availability is one guide to adequate nutrient 
status. In general, regions with a high percentage of 
cropland in corn and soybeans have large amounts of N in 
crop residue (Holt, 1979). Based on average corn yields and 
grain straw ratios, corn residues in Iowa contain 62 to 72 
kg ha~^ of N. Additionally, grain crop residues invariably 
have high C/N ratios. Decomposition of residues also could 
result in temporarily reduced availability of N caused by 
nutrient tie-up (McCalla and Norstadt, 1974). Accordingly, 
field experiments with mulch tillage often have included N 
fertilizer treatments (Duley, 1960; Penster and McCalla, 
1970; Fenster and McCalla, 1971). Yield results, tissue 
analyses, and observations in the field, however, have 
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Indicated that N fertility Is not a major cause for yield 
reductions. Other researchers contend that the N 
requirements may be slightly higher with minimum or no-till 
operations than with conventional tillage for only the first 
few years (Agrlchemlcal Age, 1987). The reason the N 
requirement is higher is that microorganisms are using 
surface-applied N to decompose residues left from previous 
crops. But in later years, some of the N trapped in soil 
organic matter could be converted back to the inorganic 
form, and thus be available for plant use. 
In a study by Parker (1962) examining the decomposition 
of corn residue, it was found that half of the surface 
residue decomposes in 8 weeks. It took only 5 weeks for 
half of the buried residue to decompose. Little change in 
the total N content of the surface residue occurred, but the 
C/N ratio declined from 57 to 30 in only 5 weeks. For every 
6725 kg ha"^ of residue, only 5.4 kg of N was immobilized by 
the buried residue within the first 3 weeks of 
decomposition. After 15 weeks, the C/N ratio of buried 
residue declined to 22. In this experiment) early season 
corn growth was retarded under the residue, but this 
inhibition was not solely due to N immobilization. Later 
corn leaf analyses showed that leaf N was indeed higher from 
soil where there was Incorporated residue and lower from the 
system where residue was on the soil surface. Leaf samples, 
however, indicated that the N level in both treatments was 
still enough for maximum yield. 
RMldUC dftcompogltion products 
One crop that has been intensively studied for effects 
from residue decomposition products is rice foryza aatlva). 
Japanese and Indian rice paddles contain high enough 
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aliphatic acid concentrations from decomposing residue to 
inhibit rice growth (Stevenson, 1967). This in turn affects 
nutrient uptake and utilization. Quantities of leachable 
nitrate (NO'^) and ammonium-N (NH4) were lower in paddles 
where rice stubble was left than in paddies where the 
stubble was removed. 
Rice crops are often followed by legume crops in 
southern Taiwan. Data indicate that the soybean yields 
following rice are increased several hundred kg ha"^ if the 
previous rice straw is burned rather than allowed to remain 
in the field and decompose (Asian Vegetable Research, 1978). 
Toxins from the residue are thought to reduce yields. 
In another study with rice, the incorporation of rice 
straw decreased the fertility of the soil. The decrease was 
+2 
not only for available N, but also the soil cations: Zn , 
Cu+2, Ca*^, Mn*2, and Na"*" (Chou and Chlou, 1979). A NH4-N 
addition had an antagonistic effect on the soil, making it 
even more phytotoxlc. This toxicity was correlated with the 
increased amounts of plant phenolles from the decomposing 
rice residues. In Taiwan, similar phytotoxlcity reduced the 
second rice crop yield 25% (a reduction of about 1000 kg 
ha ^) (Wu et al., 1975). The more rice residue left in the 
paddy soil, the more phenolic compounds produced, and the 
less amount of leachable N (Chou et al., 1977). 
In a study where soybeans were double cropped after 
winter wheat, the wheat straw left in the field inhibited 
soybean (Halrston et al., 1987). In this study, 
supplemental N was somewhat effective in overcoming the 
depressed soybean growth and yield. However, in fields 
where the wheat straw was burned prior to soybean planting, 
the greatest economic returns were realized (Einhellig and 
Rasmussen, 1979). Where wheat straw remained, soybean had 
noticeable chlorosis. 
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Luu et al. (1982) studied the Influence of N 
fertilization and seasonal differences of tall fescue 
(Festuca arundinaeea Schreb.) on birdsfoot trefoil (Lotus 
cornlccuiatua L.>. Extracts from fresh fescue caused 
inhibition of germination and seedling growth of birdsfoot 
trefoil. Ashing the fresh herbage before extraction, 
however, eliminated all inhibition. Previous N 
fertilization of the fescue before extraction actually 
increased inhibition of birdsfoot trefoil. Using the 
extracts In soil reduced the inhibition, but trefoil root 
growth still was depressed 55% compared with controls. 
Chemical: Natural chemicals Derived from Residue 
Chemicals from crop residues or released by 
microorganisms from residue may contribute to reductions In 
no-till crop yields (McCalla and Haskins, 1964; McCalla, 
1967; McCalla, 1971). Phytotoxins leached from crop 
residues have reduced plant growth and inhibited germination 
In laboratory and greenhouse studies (Patrick et al., 1963; 
Cochran et al., 1977). Furthermore, phytotoxic chemicals 
have been Isolated from surface crop residues and from soli 
directly beneath residues in no-till fields (Guenzi and 
McCalla, 1966b). Consequently, residue phytotoxins could be 
partly responsible for plant growth and yield reductions in 
conservation-tillage systems. 
The reduced yields observed in a stubble-mulch system 
have been attributed, in some Instances, to allelopathlc 
chemicals. These compounds, however, rarely remain toxic 
from one season to the next (McCalla and Norstadt, 1974). 
Allelopathlc interactions have been more easily identified 
for diverse plants In desert, chaparral, abandoned fields, 
annual grasslands, fresh-water marshes, and temperate and 
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wet tropical forests than In agricultural ecosystems (Rice, 
1984a). But, some factor or interacting factors are 
Influencing crops In continuous stands and in rotations. An 
allelochemical from residue may be one factor that is 
influencing crop rotations. These chemicals seem to act 
specifically on plant systems. This specificity is 
Important. All living organisms share the same fundamental 
biochemistry (Swain, 1974). A plant engaged in chemical 
defense is faced with the problem of having to poison 
systems similar to its own (Rosenthal and Janzen, 1979). 
Thus, the more direct the activity of the allelochemical, 
the more effective this chemical defense becomes. 
AllelQchcmicala 
Chemicals commonly extracted from residues or soils are 
phenolic acids (Guenzi and McCalla, 1966a; Guenzi and 
McCalla, 1966b). They have been shown to be toxic to seed 
germination and plant growth. Phenolics extracted with 2 
normal NaOH from plowed and subtllled soils were ferulic, p-
coumaric, p-hydroxybenzolc, vanillic, and syringic acids. 
Larger amounts of ferulic and p-coumaric acids are found in 
chiseled soils than in plowed soil (McCalla and Norstadt, 
1974). Because residues decompose more slowly in chiseled 
soil, the phenolic acids are retained longer. 
High concentrations of biological chemicals, such as 
phenolic acids, that might reach toxic levels are probably 
localized around the fragments of crop residues. In stubble 
mulching systems a portion of the previous crop residue 
persists on or in the surface soil layer into the next 
growing season. Chemicals from residues or microbial 
activity associated with residues come into direct contact 
with exploring plant roots. Such a condition usually Is not 
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obtained with a tillage system that Inverts the surface soil 
and covers the crop residues. In the latter condition, 
residues are mixed with the soil and decompose rapidly. 
One chemical derived from phenolic acids and the 
shlkimate pathway is coumarln (Brown, 1978). Coumarln has 
been recognized In sweet clover (Melilotus sp.) (Roberts and 
Link, 1937). Indeed, the distinct odor of cut sweet clover 
is one free form of coumarln that is contained In disrupted 
cells. The coumarlns, bergapten (Ibrahim and Boulet, 1980) 
and sphondln (Brown and Sampathkumar, 1977), inhibit 
hypocotyl growth of cucumber fcucumig aativua) seedling 
cuttings. Coumarlns seem to interact with other plant 
growth regulators (Brown, 1978). Coumarln enhances indole 
acetic acid (lAA) oxidase activity in maize seedlings at 
10 ^ M for 12 h after being treated (Starikova, 1982), as 
well as in Impatiens balaamina at a 3.4 x lO"^ M 
concentration (Dhawan and Nanda, 1982). In maize, coumarln 
inhibits lAA synthetase (Starikova, 1982) so that it 
decreases lAA levels and inhibits seedling growth. In 
barley sprouts though, 3.4 x lO"* M coumarln increases the 
endogenous lAA while decreasing the plant gibberellln 
(Slmonova, 1982). Barley amylase synthesis can be inhibited 
by coumarln. In cucumber, coumarln decreases auxin levels 
(Morozova and Kats, 1982). And in Amaranthus caudatug• 
coumarln antagonizes the light-induced botacyanln synthesis 
of abscisic acid (Ray et al., 1983). 
In Johnsongrass fsorahum halapenae L. Pers.) rhizomes 
and leaves, Abdul-Wahab and Rice (1967) identified 
chlorogenic acid, p-coumarlc acid, and p-hydroxybenzaldehyde 
as major inhibitors of several species of plants. Kovacs ' 
(1972) postulated that dhurrln, a cyanogenlc glycoside that 
breaks down to p-hydroxybenzaldehyde, HCN, and glucose might 
also contribute to the inhibitory activity of the 
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Johnsongrass extract in bloassays. Parks and Rice (1969) 
further found that rhizome extracts Inhibited the growth of 
certain soil algae. The suggestion from these researchers 
was that the Johnsongrass plants might release toxins that 
affect other higher plants by influencing the soil 
microflora. Nlcolller et al. (1983) isolated phytotoxins 
and taxiphyllln, an epimer of dhurrin, in methanolic 
extracts of Johnsongrass rhizomes. These compounds were 
toxic against tomato fLycoperalcon eaculentum) and radish 
(Raphanua aatlvua L.) seedling root growth as well as 
against several bacteria. 
Phenolics seem to be key inhibitory chemicals. Glenn 
(1983) ran a series of experiments examining the possibility 
of toxic substances from decomposing crop residue. Using 
two adjacent, but separate watersheds, he collected water 
samples. One watershed utilized a no-till management system 
planted to corn, that used barley as the off-season cover, 
crop. Another watershed was planted to corn using 
conventional tillage. Glenn analyzed runoff water from both 
of these watersheds between 1979 and 1983 for phenolic acids 
and phytotoxlclty to turnip (Brasalca raoa L.). While the 
no-tilled land had less runoff water, it had more 
concentrated and total phenolic acids in the runoff water. 
The most toxic water sample was collected the first year 
from the no-till land. This sample (65.4 uL L ^) inhibited 
turnip radicle growth 32%. The chemicals identified from 
this sample were ferulic, caffeic, p-hydroxybenzoic, o-
hydroxyphenylacetic, and madellic acids. The inhibitory 
effect of these compounds were tested by bloassay. Lettuce 
(Lactuca sativa L.), one species used as a bloassay, was 
inhibited by these compounds at concentrations as low as 25 
to 50 uL L Glenn's study showed that decomposing plant 
residues produce phenolic acids, which move in runoff water 
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and contaminate other sites. 
Corn, like other graminaceous species, tends to have 
higher contents of phenolic compounds, especially p-coumarlc 
and ferulic acids in plant cell walls, than do 
dicotyledonous species (Hartley and Harris, 1981; Whitehead 
et al., 1982). Guenzl and McCalla (1966a) could identify 
ferulic, p-coumaric, syringlc, vanillic, and p-
hydroxybenzoic acids in corn, oats (Avena sativa L.), wheat, 
and sorghum fsorahum vulaare Pers.). They further found 
that corn that yields 6725 kg haof stover can probably 
release 81 kg haof p-coumarlc acid to the soil. Release 
of phenolic acids to the soil around decomposing residue 
could be in high enough concentrations to affect successive 
plant growth. Indeed, of four crops tested, only sorghum 
released more p-coumaric acid than corn. 
Guenzl and McCalla (1966b) noticed that larger amounts 
of ferulic and p-coumaric acid were found in subtilled 
(chiseled) as compared with plowed soils. Their research 
showed that the phenolic acids rarely exist as free acids or 
as glycosides in soil, but are attached to organic compounds 
by an ester linkage. Thus, phenolic concentrations in the 
soil could be regulated by mechanisms or organisms that 
could cleave the existing ester linkage. 
Further work by Guenzl et al. (1967) examined the 
persistence of toxicity from corn and sorghum residues. 
These crops required 22 to 28 weeks of decomposition before 
the water-soluble portions of the residues were relatively 
nontoxic to both corn- and wheat-seedling bioassays. 
Furthermore, these same researchers later showed that wheat 
varieties gave different responses to wheat extracts. Not 
only were certain residue extracts less toxic, but some 
genotypes were more affected than others. 
Cameron and Julian (1980) found that cinnamic and 
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ferullc acids, chemicals commonly found in many residues, 
can inhibit lettuce protein synthesis when added for only a 
short period of time to 3-day-old seedlings. 
One way phenolics inhibit plant growth is by inhibiting 
nutrient uptake. Barley had limited uptake of K and P when 
small amounts of cinnamic acid or benzoic acid were added to 
water solutions used for the barley growth (Glass, 1974; 
Glass, 1973). These phenolic acids exerted a general 
inhibitory effect on active ion-uptake, due to an alteration 
in plant cell membrane permeability. This alteration was 
reversible with removal of the acid. 
Phenolic compounds released from residue such as 
salicylic acid (o-hydroxybenzoic acid) and ferullc acid (4-
hydroxy-3-methoxyclnnamic acid) inhibit (®®Rb^) 
absorption in excised oat root tissue (Harper and Balke, 
1981). Inhibition is caused by both acid concentration and 
pH-dependence. Decreasing pH increases the phenolic acid 
inhibitory effect. Exposure time to the inhibitor is also a 
factor affecting inhibition of K*** absorption in the early 
stages of inhibition. Thus, under the proper conditions of 
pH and concentration, newly formed phenolic acids could 
affect mineral absorption by plants in the field. Of the 
species tested in Harper and Balke's study, maize was the 
most sensitive to salicyclic acid inhibition of K* 
absorption at pH 6.5, whereas barley was the least affected. 
This suggests that genetic potential for different responses 
to phenolic acids and nutrient absorption exists among 
crops. 
In a factorial experiment using barley in sand 
cultures, phenolic toxicity from additions of p-coumaric 
acid and vanillic acid appeared to be dependent on the 
nutrient concentrations in the culture (Stowe and Osborn, 
1980). The phenolic compounds were uniformly inhibitory at 
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low levels o£ N and P. At 50 uL L vanillic acid had 
little effect on barley growth in a complete nutrient 
solution; however, at 1 uL l"^ P, 50 uL l"^ vanillic acid 
addition caused a 38% growth reduction. Significant 
interactive effects were noticed with P and vanillic acid 
and with N and coumaric acid. And, coumaric acid was as 
inhibitory as vanillic acid, even when coumaric acid was 
applied at one-fifth the concentration of vanillic acid. 
The results of this barley experiment support the theories 
of Glass (1974) and Glass and Dunlop (1974) that show 
phenolics as having nonspecific effects on root cell 
membranes and on ion uptake. 
In mung bean (Phaaeolug aureus L.), tannic, gentisic, 
and p-coumarlc acids inhibited hypocotyl growth (Demos et 
al., 1975). With isolated mitochondria of the mung bean, 
the acids Inhibited respiration and prevented substrate-
supported Ca*^ and P0~^ transport. 
Accumulation of allelochemicals in the soil can 
interfere with nitrification, N fixation, as well as crop 
plant nutrition (Einhellig, 1983). Physiological effects on 
plants include alterations in respiration and reductions in 
photosynthesis, stomatal aperture, water potential, mineral 
uptake, and chlorophyll content (Rice, 1984b). These 
effects may be connected to disrupted cell membrane 
permeability due to the action of phenolic derivatives such 
as benzoic acid, cinnamic acid, or other phenolic compounds. 
Einhellig and Eckrich (1984) ran experiments that 
documented that temperature stress enhances allelochemical 
Inhibition. They showed that environmental interactions are 
important considerations. Sorghum was inhibited with 0.2 mM 
ferullc acid In hot conditions and with 0.4 mM ferullc acid 
in cool conditions. Soybeans only required 0.1 or 0.25 mM 
of ferullc acid to be affected In hot or cool temperatures. 
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respectively. 
Indeed, man's manipulation o£ crop residues combined 
with environmental and allelopathlc factors Influence crop 
growth in the field. Complex physical and chemical 
interactions, transformations, and syntheses that are 
occurring with residue decomposition can influence ultimate 
yield. Thus, limited incorporation o£ residue In no-till 
systems, could restrict crop productivity. Careful 
manipulation of planting rotations, and considerations of 
genotypes grown in successive crops is also important. 
Management of these factors could lead to economic returns 
that equal those from conventional-tillage systems. 
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SECTION I. FIELD TRIALS 
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ABSTRACT 
Several corn (Zea mays L.) genotypes were grown to 
evaluate i£ this crop responded similarly when corn-followed 
corn (CO or corn-followed-fallow (PC) under no-till (NT) 
versus fall-plow (PP) tillage. The objectives of this study 
were to assess genotype, cropping rotation, and tillage 
differences and interactions to determine if genotypes 
differ in their tolerance to residue, if some genotypes are 
better under FP, and if corn residue limits corn growth in 
CC rotations. These field experiments were conducted at 
three locations in Iowa (Ames, Kanawha, and Nashua) during 
1986 and 1987. Three corn hybrids (B73 x Mol7, B73 x LH38, 
and A632 x H99) and their five parent inbreds (A632, B73, 
Mol7, H99, and LH38) were grown. The CC plots generally 
produced shorter plants, less leaf area, higher grain 
moisture at harvest, less dry matter, lower populations, and 
less yield than did PC plots. Indeed, cropping rotations 
were more important to corn yield parameters than tillage. 
No-till did limit the final height and leaf number obtained 
by individual genotypes at Ames. When final heights from 
each genotype were averaged over all locations, however, 
height differences between tillages were not significant. 
Genotype x tillage differences were generally not 
significant for yield. Plots in a NT + CC system, however, 
produced the lowest yields for all genotypes. No 
significant differences, however, were found for genotype x 
tillage x cropping rotation for any crop measurement. 
Additional index words : 2£â. maya. L., no-till, fall 
plow, continuously cropped. 
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INTRODUCTION 
Various forms of conservation tillage are presently 
practiced on over 50% of the corn and soybean acreage In 
Iowa (Agrlchemlcal Age, 1986). Acceptance of reduced 
tillage has expanded rapidly In Iowa. Thus, research to 
determine whether certain genotypes respond less favorably 
to no-tlll than others, and what causes the reduced yields 
In no-tlll systems Is Important. 
Carter and Barnett (1987) ran studies in Wisconsin 
looking for tillage by corn hybrid Interactions. These 
researchers used 15 hybrids ranging in maturity from 90-115 
days, and found that no-tlll systems with corn-following-
corn sequences exhibited cooler soil temperatures, lower 
emergence percentages, delayed vegetative growth, later 
silking dates, and increased grain moisture contents as 
compared with conventional (moldboard-plowed and disked) 
systems. Differences in grain yield for location, year, 
tillage, and hybrid were generally significant, as were the 
interactive effects of these factors. This research 
concluded that hybrid response to tillage operations may be 
an important management consideration. Superior-yielding 
hybrids under conventional tillage, however, seemed to be 
the best choices for no-till, except for the later-maturing 
hybrids (100-115 days) that showed delayed development In 
no-tlll during cool springs. 
Crop rotation is another cultural factor that can 
affect corn growth and yield. Corn generally yields more 
when rotated with soybean than when corn follows corn 
(Crookston et al., 1988). Continuous-corn systems have 
exhibited yield depressions beyond that due to limitations 
from weed, insect, and disease problems that are frequently 
associated with continuous cropping (Robinson, 1966). This 
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effect of corn rotation persists even with optimum levels of 
management (Langer and Randall, 1981; Robinson, 1966; 
Crookston et al., 1988). In the United States, 30% of the 
corn grown is planted on fields that have been planted to 
corn the preceding year (Sundquist et al., 1982). Ten 
percent of all corn grown is on a site that has been in 
monoculture three or more years. Yield decreases from 
continuous cropping average between 10 and 15%. Crookston 
et al. (1988) observed a 26% decrease in yield with a three-
year, continuous-cropping sequence. No-till could amplify 
the detrimental effects associated with continuous-corn 
systems because of the accumulation of crop residues on the 
soil surface. Indeed, the yield depression associated with 
no-till systems usually occurs when corn residue remains 
over the row area (Vyn, 1986). 
A field experiment was conducted to examine the 
response of corn genotypes to tillage systems and to 
previously cropped land. Specific objectives were: 1) to 
determine the variability among corn genotypes for tolerance 
to corn residue, 2) to determine if fall plowing was more 
advantageous to certain genotypes than no-till, and 3) to 
determine if corn residue limited corn growth and yield in 
second-year corn fields. 
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MATERIALS AND METHODS 
Five Inbred and three hybrid corn lines ranging In 
relative maturity from 108 to 118 days were selected from 
earlier greenhouse (Wahab, 1985) and growth chamber 
evaluations. All eight genotypes were grown in 1986 and 
1987 at three locations in Iowa, near Ames, Kanawha, and 
Nashua. These locations differed in temperature, and 
rainfall (Tables Al, A2, and A3). The soil type also 
differed. The soil type at Ames was a Canisteo soil (fine-
loamy, mixed, calcareous, mesic Typlc Haplaguoll). Kanawha 
had a Webster soil (fine-loamy, mixed, mesic Typic 
Haplaguoll). The plots at Nashua were in Kenyon soil (fine-
loamy, mixed, mesic Typic Hapludoll). This experiment was 
one in a series of three in which corn genotypes were tested 
for residue tolerance in laboratory, growth chamber, and 
field studies. This portion of the testing was compared 
with results of the growth chamber and laboratory in order 
to ascertain the factors that ultimately limit corn 
production in the field. 
Growth and yield of corn genotypes were compared in a 
factorial arrangement of rotation (PC and CC) and tillage 
treatments (FP and NT). The experimental design was a 
randomized split-split-block. Main plot blocks (10, 4, and 
8 blocks at Ames, Kanawha, and Nashua) consisted of plowed 
and no-till plots at each of the three study sites. Each 
tillage plot was divided into four randomized split-plots, 
that were assigned to one of four cropping treatments: CC, 
FC, fallow (F), and bulk (B) corn (Fig. Al). All B split-
plots were planted with B73 x LH38. All F split-plots were 
kept bare for use the following year. The CC and FC split-
plots each consisted of eight split-split-plots planted to 
the eight corn genotypes. The genotypes used included five 
inbreds (A632, 873, Mol7, H99, and LH38), and three hybrids 
29 
(B73 X Mol7, B73 x LH38, and A632 x H99) (Table 1). 
Table 1. Corn genotypes used and their field maturity dates 
for days after planting to 50% pollen shed and 50% 
silking. These figures were averages over 1984-
1986 for several locations in the Corn Belt* 
Corn Genotypes 
Days to 50% 
Genotypes Pollen Silk 
Inbceda • ---- days 
A632 70 72 
B73 Ht 73 75 
Mol7 Ht 73 77 
H99 — — — — 
LH38 70 71 
Hybrids 
B73 Ht rhm x Mol7 Ht rhm (BxM) 72 74 
B73 Ht rhm x LH38 (BxL) 72 74 
A632 Ht X H99 (AxH) 
*Data provided by Garst Seed Company Research in 
Slater, lA. 
All three locations had been previously cropped to corn 
two-years before the experiment began. In 1984, the entire 
experimental area was cropped to B73 x LH38. In 1985, PC, 
CC, F, and B plots were flagged and only the FC, CC, and B 
split-plots were planted. The FC and CC plots were planted 
to the eight genotypes, and B was planted to B73 x LH38. 
After each crop year, split-plots were rotated so that B and 
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F split-plots replaced the previous genotype split-plots, 
and the genotypes were placed on the previous year's F and B 
plots. Field operations performed each year at the three 
sites are listed in Tables A4, AS, and A6. 
All plots were planted with a five-row John Deere Maxi-
merge planter, and a controlled-traffic pattern was used for 
field operations to minimize compaction. Plant measurements 
included plant heights, shoot dry weights, leaf numbers, 
silking, tasseling, grain moisture, and grain yield at Ames, 
and final heights and yields at Kanawha and Nashua. All 
measurements were taken within the three middle rows of each 
split-split-plot so that genotypes could be compared. The 
first height measurements at Ames were taken when 50% of a 
sampled population was between V3 and V6 (Ritchie and 
Hanway, 1982), and the second height measurement was taken 
between V9 and VIO. Final plant heights were measured at 
all three locations after tasseling (VT). Growth stages 
(leaf numbers) were taken one day after height measurements. 
Heights and leaf number of six plants from each split-split-
plot were used for the analyses. Shoot-weight samples were 
taken twice each season at Ames after the first and last 
height measurements were made. Two plants that were 
randomly selected from the middle rows of each split-split-
plot area were dried and weighed to tabulate the final mean 
weight (+/- 0.5 g). Random selection was done by taking the 
fifth plant from two of the three middle rows. Thus, the 
weights of the two plants from each of the split-split-plots 
were averaged over all 10 replications. Silking and 
tasseling were monitored on a percentage basis at Ames. 
Field moisture samples of two to four ears were taken at 
Ames from within each split-split-plot and kept in a sealed 
plastic bag until grain moisture was determined 
gravimetrically. Leaf area plant"^ was taken after the crop 
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was at full maturity (VT). Individual leaves from two 
plants of each split-split-plot were measured from the base 
of the leaf to the tip. The leaf was then measured from the 
widest point across the leaf. These values were multiplied 
together, then multiplied by 0.75 to estimate leaf area in 
2 
cm (Montgomery, 1911). Crop yield was examined by ear 
counts, plant counts, and grain produced at all locations. 
Grain yield was determined by the hand harvest of 3 m strips 
down two of the middle rows of the five row split-split-
plots. Yield samples were dried before shelling, weighed, 
and then shelled weights adjusted to 15.5% moisture content. 
A split-split-block analysis of variance was computed 
for each measurement for each location and year (Table A7). 
Combined analyses across all environments (locations and 
years) also were computed using treatment averages from each 
environment. In the combined analyses, environments are 
comparable to blocks. Because each environment was quite 
different from the other environments, these analyses could 
examine how the combination of location and year influenced 
the tillages and rotations used. Combined analyses for 
environments were computed for data collected at all 
locations. Data collected only at Ames use the year 
variable to test data differences between years. The 
replications of the tillage systems were randomized at each 
location in 1984, and this same randomization was maintained 
in 1985 through 1987. The location of each cropping 
treatment varied as these split-plots were alternated 
between PC, CC, F, and B. Each year all eight split-split-
plots within each PC or CC treatment were randomly assigned 
to ensure unbiased estimates of experimental error and of 
all variable means and differences. 
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RESULTS AND DISCUSSION 
Differences In genotype performance may be Influenced 
by the tillage and the cropping rotation used in the field. 
Warmer temperatures, but less precipitation during 1987 as 
compared with 1986, may have also contributed to differences 
in the field measurements taken at each location during each 
year. For instance, final height measurements taken at 
Ames, Kanawha, and Nashua revealed that the environment had 
a significant effect on plant height (Tables 2 and A8). 
Tillage (NT and FP) (Fig. 1) and cropping rotation (FC and 
CO also affected final height at the 1% level. Tillage x 
cropping rotation differences did not show significant 
interactions. Genotypes chosen for the field experiment 
were significantly different, but tillage x genotype 
differences were not significant for the combined analysis. 
Every genotype, however, had greater mean heights in FP than 
under NT conditions (Tables A9). Similarly, all genotypes 
had greater final heights in FC plots than in CC plots. The 
hybrid, B73 x LH38, which had been planted the previous year 
in the bulk plots, was the genotype most affected by both 
tillage and rotation. Tillage x cropping rotation x 
genotype differences, however, were not significant at the 
5% level In the combined analysis. Thus, both treatments 
used on the plots did not affect plant height of individual 
genotypes differently. The genotypes responded the same to 
tillage and rotation treatments. 
Results at Ames showed that most genotypes were taller 
under FP than under NT conditions throughout the growing 
season. Like the averaged final heights, plant heights at 
Ames were greater when the land had been previously fallowed 
than when it was cropped to corn. These trends remained 
constant through early, middle, and final height 
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measurements (Tables AlO, All, and A12). Only 
genotype showed significant differences in the 
last height measurements (Tables A13, A14, and 
hybrid B73 x LH38 was most affected by tillage 
measurement. The inbred H99 was most affected 
significantly) by the cropping rotation in the 
measurement. 
Table 2. Analysis of variance for corn final height, plants 
ha"^ and ears ha"^ for all environments 
a — 1 •• 1 
Source Final ht. Plants ha Ears ha 
tillage x 
middle and 
A15). The 
in the last 
(not 
last 
Envir ** ** ** 
Till ** NS NS 
Error A 
Crop ** ** ** 
Till X crop NS * NS 
Error B 
Gene ** ** ** 
Crop X gene NS * ** 
Till X gene NS NS NS 
Till X crop X gene NS * NS 
Error C 
* and **=signifleant at the 5 and 1% levels, 
respectively; NS=not significant. 
Leaf numbers were taken only at Ames, only slight 
differences were seen between either tillage or cropping 
rotation conditions (Tables 3, A16, A17, and A18). Cropping 
rotations gave significant differences for individual 
genotypes at only the final leaf count for plant vegetative 
growth (Tables A19, A20, and A21). Tillage differences for 
individual genotypes were significant at the first and final 
leaf counts. All leaf-number measurements showed no 
Height (CN> 
240 
• HI 
^ FP 
I LSD 220 
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140 
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80 
A632 B73 Mol? H99 LH38 BxM BxL AxH Avg. 
Genotype 
Fig. 1. Final plant heights (cm) averaged over all locations, all 
years under NT and FP tillage systems 
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Interactive Influences o£ tillage x cropping rotation x 
genotype differences. Individual genotypes, however, varied 
in final leaf number obtained. Tillage affected B73 x LH38 
or B73 the most at final leaf number. Rotation most 
affected A632 and A632 x H99 final leaf number. 
Table 3. Analysis of variance for final stage, leaf area, 
field grain moisture, and shoot dry weight for 
Ames for 1986 and 1987 
Final Field Final 
leaf Leaf grain shoot 
Source number area moisture dry wt. 
Yr ** NS •k* ** 
Error A 
Till ** * * NS 
ïr X till * NS * NS 
Error B 
Crop ** ** ** ** 
Till X crop ** NS ** NS 
Yr X crop NS NS NS NS 
Yr X till X.crop NS NS ** NS 
Error C 
Gene ** ** ** ** 
Crop X gene ** * •k* NS 
Till X gene ** ** NS NS 
Yr X gene ** ** ** ** 
Till X crop X gene NS NS NS NS 
Yr X till X gene ** * NS NS 
Yr X crop X gene NS NS NS NS 
Yr X till X crop x gene NS NS NS NS 
Error D 
* and **=significant at the 5 and 1* levels, 
respectively; NS=not significant. 
Leaf area differences were significantly greater under 
FP than NT conditions (Tables 3, A22, and A23). The A632 x 
H99 hybrid was most affected by tillage. Leaf area plant"^ 
36 
was greater under FC than under CC especially £or A632 x 
H99. Individual genotypes were affected by both tillage and 
cropping rotation differently. Both tillage x genotype and 
cropping rotation x genotype differences had significant 
interactions; however, tillage x cropping rotation x 
genotype did not have significant differences. 
Grain moisture at harvest (Tables 3, A24, and A25) 
taken at Ames varied with the genotypes grown. Genotypes 
grown in NT often had higher grain moisture than those under 
the FP conditions (Table A25). The CC cropping rotation, 
however, generally had higher grain moistures than the FC at 
harvest. The hybrid varieties, B73 x LH38 and A632 x H99, 
generally dried down more quickly than the genotypes 873, 
Mol7, and B73 x Mol7. 
Dry matter accumulation of plant shoots varied and had 
significant differences for the final samples between 
cropping rotations (Tables 3, A26, and A27). The early 
samples that were taken showed significant tillage and 
cropping rotation differences (Tables A28 and A29). With 
these samples, the Ames shoot weights were significantly 
greater under FP and FC conditions. And, cropping rotation 
X genotype differences were significant; however, genotype x 
tillage x cropping rotation differences were not significant 
for either sample taken. The B73 x Mol7 genotype was most 
affected by rotation at the early sampling date. 
Tillage and cropping rotation treatment also affected 
the tasselIng and silking rates at Ames. The cropping 
rotation (FC or CC) influenced individual genotypes in 
tasseling (Fig. 2) and silking (Fig. 3) percentage, which 
was taken at 72 and 76 DAP, respectively, in general, both 
tasseling and silking were delayed under the CC cropping 
treatment. Only silking differences were significantly 
delayed by tillage treatment in the NT plots. 
Tasseling (%) 
100 
90 — 
80 — 
- / 
70 — / 
60 / 
- / 
SO — / 
40 / 
- / 
30 / 
20 / 
10 / / 
0 / 
Pig. 2 
AxH Avg. 
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Tasseling (%) 72 DAP averaged over 1986 and 1987 in Ames for 
all genotypes in FC and CC cropping rotations 
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3. Silking (%) 76 DAP averaged over 1986 and 1987 in Ames for 
all genotypes in FC and CC cropping rotations 
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At harvest, plant number hawas taken at each 
location. Cropping rotation affected the plant number 
(PC > CO; however/ differences of tillage and tillage x 
genotype effects were not significant (Tables 2, A30, and 
A31). Cropping rotation x genotype (Fig. 4) had a 
significant interaction for individual rotation differences 
at the 5% level. Plant numbers ha"^ were always greatest 
when FP and FC were combined. The inbreds LH38 and H99 were 
the most affected by the previous cropping rotation. Also, 
tillage x cropping rotation x genotype differences showed 
significant interaction at the 5% level. 
Ear number ha"^ differences likewise were significantly 
different for cropping rotation and cropping rotation x 
genotype (Fig. 5) effects at the 1% level in the combined 
analysis (Tables 2, A32, and A33). Tillage, tillage x 
genotype, and tillage x cropping rotation x genotype 
differences, however, were not significantly changed. All 
genotypes produced more ears haunder FC and CC 
conditions, just as with plant number ha~^. Individual 
genotypes varied in average ear number production. The 
inbred H99 produced more ears than the hybrid B73 x Mol7. 
Tillage implemented on the genotypes did not change ear 
production significantly. Because corn genotypes have 
generally been selected for one ear plant"^, genetic 
restraints seem to be strongly influencing ear production. 
Grain weight produced per plant (at 15.5% moisture) was 
influenced by tillage and cropping.rotation as well as by 
environment (Tables 4, A34, and A35). The interactions of 
these influences with individual genotypes were not 
significant with the analysis over all environments. The 
tillage x cropping rotation x genotype differences also were 
not significantly different. Greater yields plant"^ were 
realized under FP and FC conditions. Yield plant was 
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Final ear number (ear ha~^) averaged over all locations, all 
years under FC and CC cropping rotations 
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significantly lower under both the NT (Fig. 6) and CC (Pig. 
7) treatments. Hybrids produced almost twice the grain 
plant ^ than one hybrid, that inbreds yielded. And, 
although the H99 inbred produced more ears plant'^ then one 
hybrid, this genotype gave the lowest yield plant~^. 
Table 4. Analysis of variance for grain wt. plant'^, grain 
wt. ear~^, and yield (kg ha""^) for all 
environments 
Grain wt. Grain wt. Yield 
Source plant"^ ear~^ (kg ha""^) 
Envir * * ** 
Till * ** * 
Error A 
Crop ** ** ** 
Till X crop * ** ** 
Error B 
Gene ** Kit  ** 
Crop X gene NS NS * 
Till X gene NS NS NS 
Till X crop X gene NS NS NS 
Error C 
* and **=signifleant at the 5 and 1% levels, 
respectively; NS=not significant. 
Grain weight ear~^ (at 15.5% moisture) when tested by 
analysis of variance showed that tillage (Fig. 8) and 
cropping rotation (Fig. 9) significantly affected yield 
ear"^. The tillage x cropping rotation x genotype 
differences, however, were not significant (Tables '4, A36, 
and A37). Rotation and tillage treatments did not Influence 
individual genotypes differently in the combined analysis. 
The inbred B73, however, had 13.94 g less ear~^ under NT 
Grain wt. plant-1 <g> 
200 
I I Ht 
FP 
A632 B73 Mol? H99 LH38 BxH BxL AxH Avg. 
Gtnotupe 
Fig. 6. Total grain weight plant ^ averaged over all locations, all 
years under NT and FP tillage systems 
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7. Total grain weight plant ^ averaged over all locations, all 
years under FC and CC cropping rotations 
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than when grown in PP. A632 x H99, on the other hand, was 
not affected by tillage. All genotypes had less grain 
weight ear'l under CC as compared with PC. Again, B73 was 
severely limited in grain weight earwhen grown under CC. 
This inbred had 24.36 g ear~^ less when grown in CC rather 
than PC. In general, the genotypes that produced the most 
grain plant also produced the greatest amount of grain 
ear"^. 
-1 
For grain yield (kg ha ; at 15.5% moisture), tillage 
and cropping rotation influenced yields; however, tillage x 
genotype differences were not significantly changed (Tables 
4, A38, and A39). On the other hand, cropping rotation x 
genotype differences were significant at the 5% level, when 
the analysis was run for all environments. Indeed, rotation 
greatly influenced yields (Pig. 10). The same trend for 
yield plant~^ and yield ear~^ was seen for yield ha The 
inbred B73 and the hybrid B73 x LH38 seemed to be the 
genotypes most influenced by the rotation treatments each 
year, when averaged over locations (Tables 5 and 6). 
Generally, the top-yielding genotypes under PC were still 
the group of highest yielders under CC. 
Calculating the average yield lost under NT as compared 
with PP and the difference in yield between CC and PC for 
each genotype shows that the rotation system used influences 
yield more than the tillage system used (Tables 7, 8, and 
9). If a corn crop is planted in a CC system in which NT is 
used, low yields can be expected. Residues remaining and 
lack of tillage influence corn growth and yield. Both corn 
inbreds and hybrids can be adversely affected. 
These results suggest that in Iowa, corn genotypes that 
are superior under PC are likely to be good choices under 
CC. Likewise, the highest-yielding genotypes under PP are 
good choices under NT conditions. In long-term continuous-
Yield (kg ha-1) 
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Yield (kg ha ^) averaged over all locations, all years under 
FC and CC cropping rotations 
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corn cropping or under continuous NT practices, however, 
individual genotypes may respond to treatment or tillage 
systems differently. 
Table 5. Grain yield of eight corn genotypes compared under 
two cropping rotations (FC and CC) averaged over 
all locations for each year* 
Year 
1986 1987 
Genotype FC CC FC CC 
kg ha"^ 
A632 5057. 25 * 4300 .40 5080 .78 * 3505 .13 
B73 5899. 27 * 4249 .68 6368 .71 * 3542 .26 
Mol7 4965. 71 * 4200 .12 5203 .67 * 2206 .50 
H99 4677. 12 * 4027 .96 3979 .56 * 2599 .05 
LH38 6488. 54 * 5116 .97 6242 .87 * 3609 .81 
BxM 12588. 80 * 11355 .21 13408 .42 * 11265 .01 
BxL 12027. 20 * 10470 .86 13096 .86 * 10520 .79 
AXH 10963. 98 * 9892 .18 11013 .27 * 9704 .05 
Avg. 7833. 49 * 6701 .67 8049 .27 * 5869 .08 
LSD (0.05) 299.35 
*LSD for comparison of genotypes for all locations by 
cropping rotation and year. 
* Difference between cropping rotation is significant 
at P<0.05. 
50 
Table 6. Grain yield o£ eight corn genotypes compared under 
cropping rotation (PC and CC) and averaged over 
all environments* 
Cropping rotation 
Genotype PC CC 
kg ha -1 
A632 5069.01 * 3902.77 
B73 6133.99 * 3895.97 
Mol7 5084.69 * 3203.31 
H99 4328.34 * 3313.50 
LH38 6365.70 * 4363.39 
BXM 12998.61 * 11310.11 
BxL 12562.03 * 10495.83 
AxH 10988.62 * 9798.12 
Avg. 7941.38 * 6285.37 
LSD (0.05) 451.23 
*L8D for comparison of genotypes averaged over 
environments, by cropping rotation. 
* Difference between cropping rotation is significant 
at P<0.05. 
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Table 7. Tillage and cotation analysis o£ harvest data (kg 
ha at 15.5% moisture) for all locations, all 
years 
Cropping Extreme 
Tillage rotation treatment 
difference difference difference 
(NT+CC)-
Genotype Year NT-FP CC-FC (FP+FC) 
kg ha~^ 
A632 1986 -358 -757 -1115 
1987 -643 -1576 -2218 
Avg. -500 -1166 -1667 
B73 1986 -561 -1649 -2210 
1987 -1375 -2827 -4202 
Avg. -968 -2238 -3206 
Mol7 1986 -706 -766 -1471 
1987 -964 -2997 -3960 
Avg. -834 -1882 -2716 
H99 1986 -293 -649 -942 
1987 -367 -1381 -1747 
Avg. -330 -1014 -1345 
LH38 1986 -450 -1372 -1821 
1987 -531 -2633 -3165 
Avg. -491 -2003 -2493 
BxM 1986 -474 -1234 -1708 
1987 -618 -2143 -2761 
Avg. -546 -1689 -2235 
BXL 1986 -884 -1556 -2440 
1987 -376 -2576 -2952 
Avg. -630 -2666 -2696 
AxH 1986 -645 -1072 -1717 
1987 21 -1309 -1287 
Avg. -311 -1191 -1502 
Avg. -576 -1731 -2233 
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Table 8. Tillage and rotation analysis of harvest data (kg 
ha"^; at 15.5% moisture) for all locations, all 
years 
Tillage 
effect 
Residue 
effect 
Incorporated 
residue 
effect 
Genotype Year 
(NT+FC) 
(FP+FC) 
(NT+CC) 
(NT+FC) 
(FP+CC) 
(FP+FC) 
Ky na — — -
A632 1986 -211 -904 -610 
1987 17 -2235 -916 
Avg. -97 -1570 -763 
B73 1986 95 -2305 -994 
1987 -741 -3461 -2191 
Avg. -323 -2883 -1593 
Mol7 1986 460 -1931 400 
1987 -333 -3627 -2367 
Avg. 64 -2780 -984 
H99 1986 182 -1124 -174 
1987 195 -1942 -819 
Avg. 189 -1534 -496 
LH38 1986 273 -2095 -649 
1987 620 -3785 -1481 
Avg. 447 -2940 -1065 
BxM 1986 440 -2148 -319 
1987 143 -2904 -1383 
Avg. 292 -2526 -851 
BXL 1986 148 -2588 -524 
1987 434 -3386 -1766 
Avg. 291 -2987 -1145 
AXH 1986 -678 -1040 -1104 
1987 264 -1551 -1067 
Avg. -207 -1295 -1086 
Avg. 82 -2314 -998 
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Table 9. Tillage and rotation analysis o£ harvest data (kg 
ha"l; at 15.5% moisture) for all locations, all 
years 
Surface Residue and 
residue tillage 
effect effects 
I(NT+CC)-(NT+FC) 1- (NT+CO-
Genotype Year I(PP+CC)-(FP+FC)1 (FP+CC) 
kg ha"^ 
A632 1986 -294 -505 
1987 -1319 -1302 
Avg. -807 -904 
B73 1986 -1311 -1216 
1987 -1270 -2011 
Avg. -1290 -1614 
Mol7 1986 -2331 -1871 
1987 -1260 -1593 
Avg. -1796 -1732 
H99 1986 -950 -768 
1987 -1123 -928 
Avg. -1038 -848 
LH38 1986 -1446 -1172 
1987 -2304 -1684 
Avg. -1875 -1428 
BxM 1986 -1829 -1389 
1987 -1521 -1378 
Avg. -1675 -1384 
BxL 1986 -2064 -1916 
1987 -1620 . -1186 
Avg. -1842 -1551 
AxH 1986 64 -613 
1987 -484 -220 
Avg. -209 -417 
Avg. -1317 -1235 
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The residue type from the preceding cropping season may 
influence genotype yields. With longer maturity genotypes, 
the limitation to corn yield under each cropping rotation or 
tillage practice may also be more drastic than seen in this 
study. Long maturity corn may be influenced by delayed 
seasonal development in cool springs. Residue management 
under both CC and NT conditions may also play an Important 
part in Influencing corn crop yield during cool springs, 
indeed, the cropping rotation (FC or CO seems to be a more 
important consideration for the producer than the tillage 
used (FP or NT). 
Because conditions such as FC show improved crop growth 
and yield as compared with CC, some effect from continuous 
cropping must be influencing corn growth. Tillage alone may 
not improve crop growth and yield in a continuous system, 
because crop residue seems to influence the new crop even 
after plowing. Residue requires time, moisture, and warm 
conditions to decompose. Thus, tillage may not quickly 
alleviate detrimental effects of a previous crop if the 
weather is cold and dry. Residue phytotoxins from the 
decomposing residue or from the soil microbes living on the 
residue, as well as the cooler soil temperatures in NT 
probably reduced yields under CC (Yakle and Cruse, 1984). 
Further testing for all possible limitations to crop 
growth and yield in continuous-cropped systems must be done. 
Intensive laboratory work in which environmental conditions 
can be held constant should be used, and then tested In 
field conditions. Then, possibly the chemical reasons why 
corn residue exerts such a detrimental effect on subsequent 
crop growth and yield may be better defined. 
The inbreds B73 and Mol? and the hybrid B73 x LH38 were 
the most affected by tillage, although the tillage x 
genotype differences were not significant (Table 7). All 
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genotypes produced less grain under NT, except £or A632 x 
H99 in 1987. Also, the CC rotation severely reduced grain 
yields for B73 and B73 x LH38. All genotypes were limited 
in yield under the CC rotation. The genotype that was 
affected the least by CC was H99 in 1986. Plots with NT + 
CC had the lowest yields. The inbreds B73 and Mol7 were the 
worst yielders as compared with FP + PC plots. Because H99 
was the least affected by the CC rotation, it was also the 
least affected even under NT + CC conditions. 
A strict tillage effect was calculated by comparing NT 
and FP in a FC rotation (Table 8). Only A632, B73, Mol7, 
and A632 x H99 were affected positively by tillage. Even 
then, no genotypes were affected in both years of crop 
production. To examine if rotation or residue in NT 
affected crop production, values were calculated for a 
residue effect. The hybrid B73 x LH38 was the genotype most 
inhibited' by its own residue in a NT system. The parent 
inbreds, B73 and LH38, were also severely inhibited. The 
other genotypes were restricted by the residue, but to a 
lesser extent. An incorporated residue effect was 
calculated by looking at CC and FC rotations under FP 
tillage. Averaged yields showed that B73 and B73 x LH38 had 
their yields lowered the most by residue incorporation. The 
residue effect may have increased over time, as 1987 had 
larger reductions from the residue of the previous corn 
crop. 
Calculations of surface residue effect (Table 9) showed 
that LH38, B73 x LH38, and Mol7 were the most affected. The 
hybrid A632 x H99 was the least affected (yield was not 
reduced in 1986 by surface residue) by the B73 x LH38 
residue. Combining residue and tillage effects hampered the 
yield of all genotypes, especially Mol7 and B73. 
These results show that residue does affect crop growth 
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and yield. Indeed, the genotypes show variable tolerances 
to the B73 X LH38 residue. With some genotypes, fall 
plowing is advantageous. Plowing seems to reduce the 
effects of residue as compared with NT plots. More than 
tillage, however, can influence crop yield. The cropping 
rotation and the remaining residue strongly influence crop 
growth and yield. A cc system of only corn can severely 
reduce the yields of most genotypes. Corn residue seems to 
exert effects other than surface effects in the CC plots. 
Thus, corn residue toxicity probably limits corn growth and 
yield in second-year corn fields. 
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Table Al. Temperature and rainfall Information for 1985 to 
1987 at Ames 
1985 Ames Weather Data 
Temperatures 
Month Max. Min. Avg. Preclp. 
- mm -
1 3.3 -14.6 -8.9 7.9 
2 -1.8 -10.9 -6.3 21.3 
3 10.5 -0.2 5.1 55.1 
4 19.7 6.3 13.0 30.5 
5 25.4 11.0 18.2 31.5 
6 26.6 13.0 19.8 83.8 
7 29.4 16.3 22.9 39.4 
8 26.9 14.3 20.6 126.0 
9 23.8 12.3 18.0 99.1 
10 16.5 5.4 11.0 78.7 
11 2.4 -6.0 -1.8 7.6 
12 -5.9 -17.2 -11.5 31.5 
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Table Al. (continued) 
1986 Ames Weather Data 
Temperatures 
Month Max. Mln. Avg. Precli 
Of. 
- mm 
1 0.9 -9.2 -4.2 0.0 
2 -2.6 -10.8 -6.7 28.4 
3 11.7 -0.4 11.2 55.1 
4 18.6 5.9 12.2 129.5 
5 22.5 10.6 16.6 141.7 
6 28.2 16.4 22.3 167.6 
7 30.2 18.6 24.4 141.7 
8 25.7 14.1 19.9 94.5 
9 24.9 13.8 19.3 175.3 
10 16.9 5.5 11.2 118.1 
11 5.2 -5.6 -0.2 30.5 
12 0.5 -7.3 -3.4 23.6 
1987 Ames Weather Data 
Temperatures 
Month Max. Min. Avg. Precip. 
0-
- mm 
1 2.1 -8.0 -2.9 7.9 
2 8.5 -4.9 1.8 14.2 
3 11.4 0.2 5.5 47.2 
4 20.5 5.1 12.8 53.3 
5 26.6 11.9 19.2 94.5 
6 30.1 16.2 23.2 76.2 
7 30.5 18.3 24.3 118.1 
8 27.0 15.4 21.2 322.8 
9 24.5 11.2 17.9 53.3 
10 16.3 1.8 9.0 31.5 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
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A2. Temperature and rainfall information for 1985 to 
1987 at Kanawha 
1985 Kanawha Weather Data 
Temperatures 
Max. Min. Avg. Precip. 
- mm -
-- -- -9.9 10.9 
—— —— —7.2 5.3 
9.1 -1.2 3.9 56.1 
19.4 4.5 12.0 80.8 
26.1 10.2 18.1 44.2 
26.8 12.1 19.5 67.1 
29.0 14.8 21.9 65.8 
26.6 12.7 19.7 239.5 
22.8 11.5 17.2 207.8 
15.9 4.3 10.1 36.3 
1.4 -7.8 -3,2 24.6 
-- -- -13.3 21.3 
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Table A2. (continued) 
1986 Kanawha Weather Data 
Temperatures 
Month Max. Mln. Avg. Precip. 
-c - nun -
1 — — -6.6 3.1 
2 —  —  — —  -7.7 21.1 
3 -12.7 -1.9 3.9 44.7 
4 17.8 4.0 10.9 113.0 
5 22.3 9.4 15.9 131.1 
6 28.9 15.4 22.2 71.6 
7 29.9 18.0 23.9 190.0 
8 25.8 13.0 19.3 55.1 
9 24.2 12.2 17.1 114.1 
10 16.8 4.9 11.0 93.0 
11 — - —  —  -1.3 30.0 
12 —  —  -4.6 8.6 
1987 Kanawha Weather Data 
Temperatures 
Month Max. Mln. Avg. preclp. 
0-
- mm 
1 mm ™ — tm -3.9 1.0 
2 — — — — 0.9 0.5 
3 10.3 -1.9 4.2 49.3 
4 20.4 3.7 12.1 51.1 
5 28.1 11.7 19.9 39.6 
6 31.6 15.3 23.4 35.8 
7 31.6 18.1 24.9 104.9 
8 27.2 14.5 20.8 95.0 
9 24.4 10.4 17.4 91.4 
10 15.8 0.8 8.3 15.0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
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Temperature and rainfall information for three 
years at Nashua 
1985 Nashua (Charles City) Weather Data 
Temperatures 
Max. Mln. Avg. Precip. 
o_ 
- mm 
-4.6 -15.9 -10.2 15.0 
-3.3 -12.6 , -7.9 28.7 
8.7 -1.7 3.6 58.4 
18.9 5.3 12.2 72.1 
25.3 10.4 17.8 39.6 
25.9 12.3 19.1 138.4 
29.1 15.4 22.3 20.3 
26.8 13.2 20.0 81.5 
22.4 11.3 16.9 207.3 
15.7 -6.7 -2.5 52.8 
1.7 -6.7 -2.5 52.8 
-7.0 -19.0 -13.0 39.6 
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Table A3, (continued) 
1986 Nashua (Charles City) Weather Data 
Temperatures 
Month Max. Min. Avg. Preclp. 
®C ' - nun -
1 -2.7 -12.4 -7.5 18.0 
2 -3.7 -11.7 -7.7 27.9 
3 8.7 -2.5 3.1 47.2 
4 17.7 4.3 11.0 101.1 
5 22.3 10.1 16.2 137.7 
6 27.8 15.1 21.5 52.6 
7 29.5 17.4 23.5 179.8 
8 25.8 13.3 19.6 65.0 
9 23.5 12.2 17.8 109.2 
10 16.5 5.1 10.8 108.2 
11 3.6 -6.9 -1.7 30.7 
12 -1.4 -8.5 -4.9 18.3 
1987 Nashua (Charles City) Weather Data 
Temperatures 
Month Max. Min. Avg. Preclp. 
1 -1.1 
2 — 
3 9.0 
4 19.5 
5 25.7 
6 30.1 
7 30.6 
8 — 
9 23.6 
__ 0-
- mm 
CM 
•
 1 
O
 
1 
1 
-5.6 9.4 
-1.4 3.8 58.7 
4.2 11.9 34.8 
10.9 18.3 44.7 
15.2 22.6 80.3 
17.9 24.3 81.0 
9.9 16.8 53.1 
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Table A4. Field operations at Ames for 1985 
Tillages : 
shredded on 11/6/84. 
fall plowed on 11/15/84. 
disked and field cultivated on 5/15/85. 
Planting: 
65000 seeds ha~^ on 5/15/85. 
Fertilization: 
6 7  k g  h a o f  P  a n d  6 7  k g  h a o f  K  a p p l i e d  o n  
10/9/84. 
179 kg ha"^ of actual N applied on 4/22/85. 
Pesticides: 
At planting: 
terbufos (o,o-dlethyl-s-2-(tert-butylthio)methyl 
phosphorodithloate) Insecticide was applied at 18 
kg ha~^ (2.75 kg ha""^ active) on 5/15/85. 
Preemerge herbicide mix of: 
4.7 L ha"^ atrazine (6-chloro-N-ethyl-N'-(l-
methylethyl)-l,3,5-trlazine-2,4-diamine), 
2.3 L ha"^ metolachlor (2-chloro-N-(2-
ethyl-6-methylphenyl)-N-(2-methoxy-l-
methyl, ethyl acetamlde), 
2.3 L ha"^ glyphosate (N-(phosphonomethyl)glycine) 
and the addition of 1.2 L ha"^ of 
2,4-D amine (2,4-dichlorophenoxy)acetlc 
acid in the no-till areas. 
Harvest: 
hand picked on 10/15/85 and 10/18/85. 
combined on 10/22/85. 
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Table A4, (continued) Field operations at Ames for 1986 
Tillages: 
shredded on 11/5/85. 
fall plowed on 11/6/85. 
field cultivated (twice) on 5/6/86. 
Planting; 
67000 seeds haon 5/7/86. 
Fertilization: 
67 kg ha~^ P and 112 kg ha~^ K applied on 10/31/85. 
179 kg ha~^ of actual N applied on 4/11/86. 
Pesticides: 
At planting: 
terbufos Insecticide was applied at 18 kg ha~^ on 
5/7/86. 
Preplant herbicide mix of: 
2.9 L ha"^ alachlor (2-chloro-N-(2,6-
dlethylphenyl)-N-(methoxymethyl)acetamlde, 
4.7 L ha"^ cyanazlne (2((4-chloro-6-(ethylamino)-
1,3,5-trlazln-2-yl)amino)-2-methylpropanenltrlie) 
applied on 4/21/86. 
Postplant herbicide mix of: 
-1 -1 4.7 L ha cyanazlne, 4.7 L ha alachlor was 
applied to the plowed areas only on 5/13/86. 
Postemerge herbicide mix of: 
4.7 L ha ^ atrazine, 2.3 L ha"^ oil was applied on 
6/20/86. 
Harvest: 
hand picked on 10/7/86 and 10/9/86. 
combined on 10/15/86. 
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Table A4, (continued) Field operations at Ames for 1987 
Tillages : 
shredded on 11/10/86. 
fall plowed on 11/25/86. 
disked on 4/10/87. 
Planting: 
67000 seeds ha"^ on 4/21/87. 
Fertilization: 
67 kg ha"^ P and 112 kg ha~^ K applied on 11/7/86. 
179 kg ha ^ of actual N applied on 4/4/87. 
Pesticides: 
At planting: 
terbufos insecticide was applied at 18 kg ha~^ on 
4/21/87. 
Preplant herbicide mix of: 
3.1 L hacyanazine, 4.7 L haalachlor was 
applied on 4/10/87. 
Harvest: 
hand picked on 9/16/87 and 9/17/87. 
combined on 9/30/87. 
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Table AS. Field operations at Kanawha for 1985 
Tillages: 
shredded on 11/3/84. 
fall plowed on 11/3/84. 
disked on 5/2/85. 
field cultivated on 5/15/85. 
Planting: 
65000 seeds ha~^ on 5/20/85. 
Fertilization: 
224 kg ha"l 0-26-26 on 10/2/84. 
448 kg ha"l 45-0-0 on 4/19/85. 
Pesticides : 
At planting: 
terbufos insecticide at 18 kg ha~^ (2.75 kg active 
ha~^) applied on 5/20/85. 
Preplant herbicide mix of: 
4.7 L ha"^ cyanazine, 2.9 L ha"^ metolachlor, 3.5 L 
ha"^ glyphosate applied on 5/21/85. 
Postplant insecticide of: 
permethrln (3-phenoxybenzyl d,l-sis,trans-3-(2,2-
dichlorovinyl)-2,2-dimethylcyclopropane-l-
carboxylate) at 0.7 L ha~^ was applied on 5/27/85. 
Postplant herbicide of: 
2,4-D at 0.88 L ha ^ was applied on 6/3/85. 
Harvest: 
hand picked on 10/25/85. 
combined on 11/7/85. 
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Table AS. (continued) Field operations at Kanawha £or 1986 
Tillages : 
shredded on 11/7/85. 
fall plowed on 11/7/85. 
disked on 4/25/86. 
field cultivated on 5/7/86. 
Planting: 
67000 seeds ha"^ on 5/22/86. 
Fertilization: 
448 kg ha"^ of 45-0-0 applied on 5/7/86. 
Pesticides: 
At planting: 
terbufos insecticide applied at 18 kg ha"^ on 
5/22/86. 
Preemerge herbicide mix of: 
4.7 L ha~^ cyanazine, 2.9 L ha"^ alachlor, 2.3 L 
ha"^ glyphosate applied on 5/22/86. 
Postplant application of: 
permethrin insecticide at 0.46 L ha"^ on 6/8/86. 
Harvest: 
hand picked on 10/16/86. 
combined on 10/28/86. 
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Table AS. (continued) Field operations at Kanawha for 1987 
Tillages: 
Shredded on 10/29/86. 
disked on 10/29/86. 
fall plowed on 10/31/86. 
field cultivated on 4/24/87. 
Planting: 
67000 seeds haon 4/28/87. 
Fertilization: 
448 kg ha"l 45-0-0 applied on 4/23/87. 
Pesticides : 
At planting: 
terbufos insecticide applied at 18 kg ha~^ on 
4/28/87. 
Preplant herbicide mix of: 
1.54 L ha~^ cyanazine, 4.68 L ha"^ alachlor applied 
on 4/20/87. 
Preemerge herbicide mix of: 
3.51 L ha~^ alachlor, 1.17 L ha"^ cyanazine, 2.34 L 
ha~^ glyphosate applied on 4/29/87. 
Harvest: 
hand picked on 9/23/87. 
combined on 10/2/87. 
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Table A6. Field operations at Nashua for 1985 
Tillages : 
no shredding. 
fall plowed on 11/21/84. 
field cultivated on 5/21/85, 6/24/85 and 7/3/85. 
Planting: 
65000 seeds haon 5/21/86, 
Fertilization: 
202 kg ha"l (82-0-0) applied on 4/20/85, 
203 kg ha"^ 0-44-0 and 299 kg ha~^ 0-0-60 on 11/20/84. 
Pesticides: 
At planting: 
application of 18 kg ha~^ terbufos insecticide 
(2.75 kg ha~^ active) on 5/21/85. 
Preplant herbicide mix of: 
atrazine at 7.0 L ha"^, alachlor at 7.0 L ha"^ 
applied on 5/22/85. 
Harvest: 
hand picked on 10/25/85. 
combined on 11/8/85. 
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Table A6. (continued) Field operations at Nashua for 1986 
Tillages: 
no shredding. 
no fall plowing. 
plowed and field cultivated on 5/19/86. 
Planting: 
67000 seeds ha"^ on 5/20/86. 
Fertilization: 
202 kg ha"^ 82-0-0 applied on 4/21/86. 
Pesticides : 
At planting: 
terbufos Insecticide was applied at 18 kg/ha on 
5/20/86. 
Preplant herbicide mix of: 
3.9 L ha"^ cyanazlne,3.1 L ha"^ alachlor applied on 
4/24/86. 
Postplant herbicide mix of: 
2.9 L ha"^ atrazlne, 4.7 L ha~^ alachlor, 2.3 L ha" 
1 
glyphosate applied on 5/21/86. 
Harvest: 
hand picked on 10/10/86 and 10/17/86. 
combined on 10/29/86. 
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Table A6. (continued) Field operations at Nashua for 1987 
Tillages : 
no shredding. 
no fall plowing. 
spring plowed on 4/9/87. 
field cultivated on 4/29/87. 
Planting: 
67000 seeds ha"^ on 4/29/87. 
Fertilization: 
202 kg ha~^ of 82-0-0 applied on 4/24/87 and 4/27/87. 
Pesticides: 
At planting: 
terbufos insecticide was applied at 18 kg ha~^ on 
4/29/87. 
Preplant herbicide mix of; 
3.1 L ha"^ cyanazine, 4.7 L ha"^ alachlor applied 
on 4/28/87. 
Harvest : 
hand picked on 9/22/87. 
combined on 10/12/87. 
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Table A7. Statistical analyses information 
Statistical analyses were performed on Iowa State 
University's WYLBUR system using SAS general linear models 
procedure as listed in SAS User's Guide (Statistical 
Analysis System Institute, 1982). 
With some tables, the type I sum of squares (SS), F 
value, and coefficient of variation (C.V.) for the variable 
being examined are typed in at the bottom of the data table. 
Data were analyzed for replication effects, but results are 
not presented in the separate analysis of variance tables in 
this paper. 
Dependent variables were analyzed for all tillage and 
treatment effects with the test for significance being seen 
at F probabilities less than 0.05. If effects were 
significant at the 0.05 level, feasible T tests (least 
significant difference, LSD) were conducted. The LSD at the 
0.05 level shows significant differences between tillages or 
cropping treatments. 
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Table A8. Combined final height analysis for all 
environments 
Source DP SS P 
Bnvir 5 25086.4167 131.79 ** 
Till 1 3201.3333 17.75 ** 
Error A 5 901.5417 
Crop 1 7854.0833 54.42 ** 
Till X crop 1 30.0833 0.21 NS 
Error B 10 1443.2083 
Gene 7 300756.6667 1128.58 ** 
Crop X gene 7 117.7500 0.44 NS 
Till X gene 7 453.8333 1.70 NS 
Till X crop X gene 7 266.9167 1.00 NS 
Error C 140 5329.8333 
**=significant at the 1% level; NS=not significant. 
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Table A9. Final height averaged over all locations and all 
years® 
Tillage Rotation 
Genotype NT PP PC CC Avg.**'® 
cm 
A632 155.17 162.17 165.67 151. 67 158 .67e 
B73 188.67 199.25 200.67 187. 25 193 .96c 
Mol7 163.00 170.83 173.42 160. 42 166 .92d 
H99 106.42 109.08 113.58 101. 92 107 .75g 
LH38 120.17 128.75 131.25 117. 67 124 .46f 
BxM 226.00 235.83 235.58 226. 25 230 .92a 
BxL 203.33 216.75 217.42 202. 67 210 .04b 
AxH 192.92 198.33 201.92 189. 33 195 .63c 
Avg. 169.46 177.63 179.94 167. 15 173 .54 
*Pinal height—model DP=51, 88=340111.8333, P 
value=175.r7, and C.V.=3.5554. LSD (alpha=0.05)=4.98 and 
3.86 for tillage and rotation means, respectively. 
^Avg. height LSD—alpha=0.05, DP=140, M8E=36.0702, and 
LSD=3.52. 
^Values with the same letter are not significantly 
different (alpha=0.05). 
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Table AlO. Pinal height at Ames averaged over 1986 and 
1987® . 
Tillage Cropping 
Genotype NT FP PC CC A v g . c  
cm 
A632 157. 35 161.99 169.29 150 .05 159 .67e 
B73 191. 39 198.23 204.71 184 .91 194 .81d 
Mol 7 159. 67 164.25 171.01 152 .92 161 .96e 
H99 116. 01 110.19 123.76 102 .44 113 .lOg 
LK38 121. 67 126.69 134.10 114 .27 124 .18f 
BXM 229. 25 235.94 238.40 226 .80 232 « 60a 
BxL 211. 41 221.78 223.92 209 .27 216 .59b 
AxH 200. 39 198.39 207.83 . 190 .95 199 .39c 
Avg. 173. 39 177.18 184.13 166 .45 175 .29 
Bpinal height—model DF=63, 88=1140365.8710, F 
value=131.32, and C.V.=6.6977. LSD (alpha=0.05)=2.50 and 
2.33 for tillage and rotation means, respectively. 
^Avg. height L8D~alpha=0.05, DF=504, M8E=111.3990, and 
LSD=3.28. 
^Values with the same letter are not significantly 
different (alpha=0.05). 
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Table All. Middle heights at Ames averaged over 1986 and 
1987* 
Tillage Cropping 
Genotype NT PP PC CC Avg.b'C 
A632 85.61 91.50 98.48 78.62 88.55c 
B73 71.61 80.58 86.23 65.96 76.10d 
Mol7 59.67 64.61 73.52 50.76 62.14e 
H99 61.95 61.85 70.97 52.82 61.90e 
LH38 58.42 57.78 65.65 50.55 58.10f 
BxM 110.23 115.74 123.27 102.70 112.99b 
BxL 109.33 119.27 123.56 105.04 114.30ab 
AxH 117.80 116.75 127.67 106.89 117.28a 
Avg. 84.33 88.51 96.17 76.67 86.42 
^Middle height—model DF=63, 88=1701921.4650, F 
value>152.60, and C.V.=2.20. LSD (alpha=0.05)=2.65 and 3.27 
for tillage and cropping rotation means, respectively. 
^Middle height L8D--alpha=0.05, DF=504, MSE=111.3950, 
and L8D=3.28. 
^Values with the same letter are not significantly 
different (alpha=0.05). 
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Table A12. First heights at Ames averaged over 1986 and 
1987* 
Tillage Cropping 
Genotype NT FP FC CC Avg.b'C 
A632 53.59 58.50 59.72 52.36 56.04c 
B73 47.57 52.83 53.21 47.20 50.20d 
Mol7 39.94 43.36 44.85 38.45 41.65f 
H99 40.73 43.86 45.09 39.50 42.30f 
LH38 43.46 46.17 48.31 41.32 44.81e 
BxM 64.98 67.01 69.83 62.16 66.00b 
BxL 64.86 69.90 71.29 63.47 67.38b 
AxH 70.40 73.70 75.88 68.22 72.05a 
Avg. 53.19 56.92 58.52 51.59 55.05 
®Plrst height—model DF=63, 88=185088.1304, F 
value=86.89 and C.V.=10.5602. L8D (alpha=0.05)=1.64 and 
1.72 for tillage and cropping rotation means, respectively. 
bpirst height LSD--alpha=0.05, DF=504, MSE=21.2664, and 
LSD=1.43. 
^Values with the same letter are not significantly 
different (alpha=0.05). 
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Table A13. Combined final height analysis for Ames 
Source DP SS F 
Yr 1 37909.6752 59.04 ** 
Error A 18 11557.7005 
Till 1 2299.0141 10.13 ** 
Yr X till 1 1634.1361 7.20 * 
Error B 18 4084.1519 
Crop 1 49996.6840 236.62 ** 
Till X crop 1 692.3627 3.28 NS 
Yr X crop 1 24.4141 0.12 NS 
Yr X till X crop 1 767.0840 3.63 NS 
Error C 36 7606.5073 
Gene 7 1028273.9736 1318.65 ** 
Crop X gene 1432.8986 1.84 NS 
Till X gene 7 3793.4491 4.86 ** 
Yr X gene 7 10354.8464 13.28 ** 
Till X crop X gene 7 1199.4866 1.54 NS 
Yr X till X gene 7 435.4465 0.56 NS 
Yr X crop X gene 7 1111.5075 1.43 NS 
Yr X till X crop X gene 7 440.8931 0.57 NS 
Error D 504 56144.9847 
* and **=slgnlfleant at the 5 and 1% levels, 
respectively; NS=not significant. 
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Table A14. Combined middle height analysis for Ames 
Source DF SS P 
Yr 1 1166122.8980 799.79 ** 
Error A 18 26244.7852 
Till 1 2797.9532 10.99 ** 
Yr X till 1 2394.1115 9.41 ** 
Error B 18 4581.5004 
crop 1 60849.7504 146.06 ** 
Till X crop 1 10103.1271 24.25 ** 
Yr X crop 1 4211.9011 10.11 ** 
Yr X till X crop 1 722.8542 1.74 NS 
Error C 36 14997.9870 
Gene 7 363119.6316 465.68 ** 
Crop X gene 7 724.0722 0.93 NS 
Till X gene 7 2605.2638 3.34 ** 
Yr X gene 7 84355.1566 108.18 ** 
Till X crop X gene 7 541.9885 0.70 NS 
Yr X till X gene 7 1364.4666 1.75 NS 
Yr X crop x gene 7 1440.6882 1.85 NS 
Yr X till X crop X gene 7 567.6031 0.73 NS 
Error D 504 56143.3135 
**ssignificant at the 1% level; NS=not significant. 
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Table A15. Combined early height analysis for Ames 
Source DF SS P 
Yr 1 73473.4694 461.07 ** 
Error A 18 2868.4071 
Till 1 2197.8063 22.46 ** 
Yr X till 1 3408.6391 34.83 ** 
Error B 18 1761.4696 
Crop 1 7659.0563 66.80 ** 
Till X crop 1 7135.5766 62.24 ** 
Yr X crop 1 1686.7516 14.71 ** 
Yr X till X crop 1 1366.9507 11.92 it* 
Error C 36 4127.4219 
Gene 7 82432.5262 553.74 ** 
Crop X gene 7 103.5257 0.70 NS 
Till X gene 7 202.8576 1.36 NS 
Yr X gene 7 4312.9097 28.97 ** 
Till X crop X gene 7 454.9401 3.06 ** 
Yr X till X gene 7 171.5554 1.15 NS 
Yr X crop X gene 7 160.8026 1.08 NS 
Yr X till X crop X gene 7 320.7632 2.15 * 
Error D 504 10718.2514 
* and **=slgnifleant at the 5 and 1% levels, 
respectively; NS=not significant. 
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Table A16. Final leaf number at Ames averaged over 1986 and 
1987® 
Genotype 
Tillage Cropping 
Avg.**'® NT FP PC CC 
leaf number • 
A632 19.1 19.4 19.5 19.0 19.24d 
B73 19.8 20.5 20.3 20.0 20.45b 
Mol 7 17.5 17.3 17.4 17.5 17.41e 
H99 17.3 17.6 17.7 17.3 17.58e 
LH38 16.5 17.1. 17.0 16.6 I6.88f 
BxM 19.2 19.7 19.5 19.4 19.43c 
BxL 18.8 19.7 19.4 19.0 19.20d 
AxH 20.2 20.5 20.6 20.1 20.33a 
Avg. 18.6 19.0 18.9 18.6 18.85 
*Final stages—model DF=63, 85=1248.3279, F 
value=84.01, and C.V.=2.9129. LSD (alpha=0.05)=0.08 and 
0.08 for tillage and cropping rotation means, respectively, 
h 
Final stages LSD—alpha=0.05, DF=504, MSE=0.2381, and 
LSD=0.15. 
^Values with the same letter are not significantly 
different (alpha=0.05). 
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Table A17. Middle leaf number at Ames averaged over 1986 
and 1987* 
Genotype 
Tillage Cropping 
Avg.b'C NT FP PC CC 
leaf number -
* 
A632 12.3 12.8 13.1 12.0 12.5b 
B73 11.3 12.1 12.2 11.2 11.7d 
Mol7 10.2 10.5 10.9 9.8 10.4g 
H99 11.2 11.7 12.0 10.9 11.5e 
LH38 10.7 10.9 11.3 10.3 10.8f 
BxM 12.1 12.5 12.7 11.9 12.3c 
BXL 12.2 12.9 13.0 12.2 12.6b 
AxH 13.3 13.6 14.0 12.9 13.4a 
Avg. 11.7 12.1 12.4 11.4 11.9 
^Middle leaf number—model DF=63, 88=3777.1458, P 
value=69.13, and C.V.=7.8336. L8D (alpha=0.05)=0.r7 and 
0.21 for tillage and rotation means, respectively. 
^Middle leaf number L8D—alpha=0.05, DP=504, 
MSE=0.4202, and L8D=0.20. 
^Values with the same letter are not significantly 
different (alpha=0.05). 
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Table A18. Early leaf number for Ames averaged over 1986 
and 1987® 
Tillage Cropping 
Genotype NT FP FC CC Avg.b'C 
- leaf number • 
A632 5.9 6.2 6.3 5.8 6.0b 
B73 5.5 6.1 6.1 5.5 5.8d 
Mol7 4.6 4.9 5.0 4.5 4.8g 
H99 5.2 5.7 5.8 5.2 5.5e 
LH38 5.1 5.5 5.6 5.1 5.3f 
BxM 5.7 6.0 6.1 5.6 5.8d 
BxL 5.7 6.1 6.1 5.7 5.9c 
AxH 6.1 6.5 6.5 6.1 6.3a 
Avg. 5.5 5.9 5.9 5.4 5.7 
^Early leaf number—model DF=63, 88=298.6717, F 
value=42.03, and C.V.=0.0556. LSD (alpha=0.05)=0.06 and 
0.09 for tillage and rotation means, respectively. 
*Barly leaf number LSD—alpha-0.05, DF=504, MSB=0.0799, 
and LSD=0.09. 
^Values with the same letter are not significantly 
different (alpha=0.05). 
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Table A19. Combined Einal leaf number analysis for Ames 
Source DF 88 F 
Yr 1 127.9851 60.60 ** 
Error A 18 38.0164 
Till 1 27.1426 104.19 ** 
Yr X till 1 1.2721 4.88 * 
Error B 18 4.6890 
Crop 1 17.7112 69.60 ** 
Till X crop 1 2.0100 7.90 ** 
Yr X crop 1 0.0871 0.34 MS 
Yr X till X crop 1 0.4803 1.89 NS 
Error C 36 9.1611 
Gene 7 1013.8467 608.28 ** 
Crop X gene 7 6.9435 4.17 ** 
Till X gene 7 15.1240 9.07 ** 
Yr X gene 7 22.8921 13.73 ** 
Till X crop X gene 7 3.2680 1.96 NS 
Yr X till X gene 7 4.6317 2.78 ** 
Yr X crop x gene 7 2.5287 1.52 NS 
Yr X till X crop X gene 7 2.4049 1.44 NS 
Error D 504 120.0051 
* and **=significant at the 5 and 1% levels, 
respectively; NS=not significant. 
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Table A20. Combined middle leaf number analysis for Ames 
Source DF SS F 
Yr 1 2745.5109 234.45 ** 
Error A 18 210.7841 
Till 1 34.4876 34.27 ** 
Yr X till 1 16.1820 16.08 ** 
Error B 18 18.1151 
Crop 1 163.9238 100.18 ** 
Till X crop 1 57.2605 34.99 ** 
Yr X crop 1 0.5982 0.37 NS 
Yr X till X crop 1 0.4463 0.27 NS 
Error C 36 58.9087 
Gene 7 578.3724 196.65 ** 
Crop X gene 7 2.8336 0.96 NS 
Till X gene 7 5.6325 1.92 NS 
Yr X gene 7 158.6503 53.94 ** 
Till X crop X gene 7 5.1716 1.76 NS 
Yr X till X gene 7 3.9223 1.33 NS 
Yr X crop X gene 7 2.7600 0.94 NS 
Yr X till X crop X gene 7 1.3939 0..47 NS 
Error D 504 211.7611 
**=significant at the 1% level; NS=not significant. 
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Table A21. Combined first leaf number analysis for Ames 
Source DP SS F 
Yr 1 19.8106 30.09 ** 
Error A 18 11.8490 
Till 1 25.7603 185.90 ** 
Yr X till 1 13.1103 94.61 ** 
Error B 18 2.4942 
Crop 1 37.0883 128.62 ** 
Till X crop 1 27.6114 95.76 ** 
Yr X crop 1 4.8883 16.95 ** 
Yr X till X crop 1 7.3103 25.35 ** 
Error c 36 10.3805 
Gene 7 128.2984 229.37 ** 
Crop X gene 7 0.8067 1.44 NS 
Till X gene 7 1.4890 2.66 * 
Yr X gene 7 1.1825 2.11 * 
Till X crop X gene 7 0.5765 1.03 NS 
Yr X till X gene 7 0.8223 1.47 NS 
Yr X crop x gene 7 0.6156 1.10 NS 
Yr X till X crop X gene 7 0.2226 0.40 NS 
Error D 504 40.2736 
* and **=significant at the 5 and 1% levels, 
respectively; N8=not significant. 
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Table A22. Leaf area plant"^ at Ames averaged over 1986 and 
1987 a 
Tillage Cropping 
Genotype NT FP PC CC Avg.b'C 
QIil pxanu 
A632 33.9 35.2 34.9 34.3 34.6d 
B73 45.7 48.0 50.4 43.3 46.9bc 
Mol7 32.6 37.1 35.8 33.9 34.9cd 
H99 21.7 23.4 21.3 23.8 22.5e 
LH38 31.9 37.8 38.4 31.3 34.9cd 
BxM 53.6 60.9 55.7 58.8 57.2ab 
BxL 57.8 68.0 66.3 59.5 62.9a 
AxH 54.3 43.0 55.3 42.0 48.6b 
Avg. 41.4 44.2 44.8 40.8 42.8 
*Leaf area—model DF=63, 88=3711381.6360, F value=8.40, 
and C.V.=19.6401. LSD (alpha=0.05)=1.79 and 2.88 for 
tillage and cropping rotation means, respectively. 
'^Leaf area LSD—alpha=0.05, DF=94, MSE=7079.7900, and 
LSD=4.82. 
^Values with the same letter are not significantly 
different (alpha=0.05). 
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Table A23. Combined leaf area plant analysis £or Ames 
Source DP SS F 
Yr 1 2.1630 0.03 NS 
Error A 4 44078.4877 
Till 1 34307.4928 20.49 * 
Yr X till 1 692.5210 0.17 NS 
Error B 3580.2791 
Crop 1 81286.1214 8.50 ** 
Till X crop 1 26380.1089 1.66 NS 
Yr X crop 1 10850.1765 2.57 NS 
Yr X till X crop 1 25132.4725 3.95 NS 
Error C 7 44281.5767 
Gene 7 2689183.6744 54.26 ** 
Crop X gene 7 136939.9726 2.76 * 
Till X gene 7 180643.8478 3.65 ** 
Yr X gene 7 134090.5314 2.71 ** 
Till X crop X gene 7 73804.0126 1.49 NS 
Yr X till X gene 7 123274.1653 2.49 * 
Yr X crop x gene 7 100808.0773 2.03 NS 
Yr X till X crop X gene 7 93986.2991 1.90 NS 
Error D 94 665500.1536 
* and **=signifleant at the 5 and 1% levels, 
respectively; NS=not significant. 
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Table A24. Combined grain moistures at harvest analysis for 
Ames 
Source DF 88 P 
Yr 1 0.0737 37.38 ** 
Error A 18 0.0355 
Till 1 0.0033 5.34 * 
Yr X till 1 0.0036 5.89 * 
Error B 18 0.0111 
Crop 1 0.0142 21.85 ** 
Till X crop 1 0.0049 7.58 ** 
Yr X crop 1 0.0014 2.16 NS 
Yr X till X crop 1 0.0049 ' 7.59 ** 
Error C 36 0.0233 
Gene 7 0.9000 305.00 ** 
Crop X gene 7 0.0172 5.84 ** 
Till X gene 7 0.0030 1.02 NS 
Yr X gene 7 0.0196 6.64 ** 
Till X crop X gene 7 0.0022 0.74 NS 
Yr X till X gene 7 0.0021 0.73 NS 
Yr X crop x gene 7 0.0020 0.66 NS 
Yr X till X crop X gene 7 0.0042 1.43 NS 
Error D 504 0.2124 
* and **=signifleant at the 5 and 1% levels, 
respectively; NS=not significant. 
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Table A25. Grain moistures taken at harvest at Ames 
averaged over 1986 and 1987^ 
Tillage Cropping 
Genotype NT PP PC CC Avg.b'C 
A632 19.4 18.8 
% 
18.8 19.3 19. Ig 
B73 27.4 26.2 26.2 27.3 26.8c 
Mol7 28.2 28.4 26.8 29.7 28.3a 
H99 18.4 18.6 18.2 18.7 18.5g 
LH38 21.2 20.7 20.9 21.0 21. Oe 
BXM 27.8 27.1 26.3 28.6 27.4b 
BXL 23.8 23.4 23.5 23.7 23.6d 
AXH 20.0 19.6 19.9 19.7 19.8f 
Avg. 23.3 22.8 22.6 23.5 23.0 
*Grain Moisture—model DF=63, 33=105.6200, F 
value=23.60, and C.V.=9.7052. LSD (alpha=0.05)=0.4100 and 
0.4100 for tillage and cropping rotation means, 
respectively. 
^Avg. grain moisture LSD—alpha=0.05, DF=504, 
MSE=4.2 X 10"2, and LSD=0.6400. 
^Values with the same letter are not significantly 
different (alpha=0.05). 
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Table A26. Combined final shoot weights analysis for Ames 
Source DF SS P 
Yr 1 108890.5784 37.45 ** 
Error A 14 40701.5852 
Till 1 11273.4497 3.96 NS 
Yr X till 1 1026.3094 0.36 NS 
Error B 14 39841.5768 
Crop 1 154481.1372 83.49 ** 
Till X crop 1 2430.3521 1.31 NS 
Yr X crop 1 1109.8282 0.60 NS 
Yr X till X crop 1 4063.6696 2.20 NS 
Error C 28 51809.9974 
Gene 7 3565788.4800 321.48 ** 
Crop X gene 7 14798.4526 1.33 NS 
Till X gene 7 6506.5620 0.59 NS 
Yr X gene 7 35026.3588 3.16 ** 
Till X crop X gene 7 3952.1597 0.36 NS 
Yr X till X gene 7 9174.6143 0.83 NS 
Yr X crop x gene 7 5290.8424 0.48 NS 
Yr X till X crop X gene 7 17823.8375 1.61 NS 
Error D 392 621132.8490 
**=signifleant at the 1% level; NS=not significant. 
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Table A27. Final shoot weights at Ames averaged over 1986 
and 1967* 
Genotype 
Tillage Cropping 
Avg.b'C NT FP FC CC 
" y piclnu 
A632 173.87 189.58 196.77 166.68 181.73e 
B73 226.32 231.77 253.27 204.82 229.04d 
Mol 7 160.41 170.04 182.80 147.66 165.23f 
H99 112.62 131.43 128.35 115.70 122.02g 
LH38 155.47 165.07 176.29 144.25 160.27f 
BxM 365.32 360.45 377.93 347.85 362.89a 
BXL 323.60 320.77 347.68 296.69 322.19b 
AxH 285.77 303.49 316.90 272.35 294.63c 
Avg. 225.42 234.08 247.50 212.00 229.75 
®Flnal shoot weight—model DF=63, 88=3941636.6320, P 
value=37.20, and C.V.=17.5624. LSD (alpha=0.05)=7.79 for 
cropping rotation means. 
Spinal shoot weight LSD—alpha=0.05, DP=392, 
MSB=1584.5200, and LSD=13.84. 
c 
Values with the same letter are not significantly 
different (alpha=0.05). 
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Table A28. Combined early shoot weights analysis for Ames 
Source DF SS P 
Yr 1 2509.2540 9.11 ** 
Error A 18 4957.5791 
Till 1 6437.3204 37.42 urn 
Yr X till 1 1974.9032 11.48 ** 
Error B 18 3096.6572 
Crop 1 14489.9181 89.62 ** 
Till X crop 1 2228.4892 13.78 ** 
Yr X crop 1 3934.0243 24.33 ** 
Yr X till X crop 1 422.0938 2.61 NS 
Error C 36 5820.2988 
Gene 7 95434.9968 163.70 ** 
Crop X gene 7 1770.4421 3.04 ** 
Till X gene 7 661.0772 1.13 NS 
Yr X gene 7 9132.9093 15.67 ** 
Till X crop X gene 7 403.7616 0.69 NS 
Yr X till X gene 7 954.0444 1.64 NS 
Yr X crop x gene 7 722.9858 1.24 NS 
Yr X till X crop X gene 7 493.2319 0.85 NS 
Error D 504 41976.3086 
**=slgnlfleant at the 1% level; NS=not significant. 
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Table A29. First shoot dry weight sample at Ames averaged 
over 1986 and 1987* 
Genotype 
Tillage Cropping 
Avg.b'C NT PP FC CC 
• g plant —• 
A632 35.84 42.26 43.42 34.67 39.05b 
B73 36.72 43.36 45.35 34.73 40.04b 
Mol7 25.72 30.52 31.53 24.71 28.12e 
H99 29.40 33.91 35.51 27.80 31.66d 
LH38 33.00 36.35 38.86 30.49 34.67c 
BxM 56.49 62.79 68.15 51.12 59.64a 
BXL 54.39 63.61 64.62 53.37 59.00a 
AxH 53.11 62.61 60.65 55.07 57.86a 
Avg. 40.58 46.93 48.51 39.00 43.76 
*Early shoot weight—model DF=63, 88=141569.4523, F 
value=15.42, and C.V.=27.5916. LSD (alpha=0.05)=2.18 and 
2.04 for tillage and cropping rotation means, respectively. 
^Early shoot weight L8D—alpha=0.05, DF=504, 
MSB=83.2863, and LSD=2.84. 
^Values with the same letter are not significantly 
different (alpha=0.05). 
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Table A30. Combined plant number ha~^ analysis for all 
environments 
Source DP SS P 
Envir 5 1308453543.3739 33.34 ** 
Till 1 150956489.7778 1.25 NS 
Error A 5 604164028.5953 
Crop 1 830856093.7565 23.84 ** 
Till X crop 1 308932164.5688 8.86 * 
Error B 10 348536087.6672 
Gene 7 » 1775391446.7282 32.31 ** 
Crop X gene 7 146514552.1819 2.67 * 
Till X gene 7 33988725.3770 0.62 NS 
Till X crop X gene 7 125548729.2433 2.28 * 
Error C 140 1099002295.2840 
* and **=slgnifleant at the 5 and 1% levels, 
respectively; NS=not significant. 
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Table A31. Final plant population averaged over all 
locations and all years* 
Tillage Cropping 
Genotype NT PP PC CC Avg.b'C 
plants ha~^ 
A632 61618 62645 64152 60111 62131c 
B73 59519 62609 63430 58698 61064c 
Mol7 61097 62824 64307 59613 61961c 
H99 61147 63784 65488 59443 62465c 
LH38 60287 62636 65026 57895 61461c 
BXM 64235 65582 65937 63881 64909b 
BxL 69412 69735 70722 68426 69574a 
AxH 67282 68968 69269 66982 68125a 
Avg. 63074 64848 66041 61881 63961 
*Plant pop.--model DP=51, 88=5633341861.2700, F 
value=14.07, and C.V.>4.3804. LSD (alpha=0.05)=1898.70 for 
cropping rotation means. 
^Plant pop. L8D—alpha=0.05, DP=140, MSE=7850016.0000, 
and LSD=1599.10. 
^Values with the same letter are not significantly 
different (alpha=0.05). 
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Table A32. Combined number o£ ears ha~^ analysis £or all 
environments 
Source DF SS F 
Envlr 5 2100050924.3572 20.38 ** 
Till 1 412003388.8291 1.69 NS 
Error A 5 1221780894.6721 
Crop 1 2849628526.3615 21.30 ** 
Till X crop 1 579515712.8843 4.33 NS 
Error B 10 1338087392.0576 
Gene 7 4689007371.1808 32.50 ** 
Crop X gene 7 697311102.5301 4.83 ** 
Till X gene 7 93797185.5895 0.65 NS 
Till X crop X gene 7 275741353.8699 1.91 NS 
Error C 140 2885204527.2801 
**=slgnl£icant at the 1% level; N8=not significant. 
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Table A33. Number of ears -1 ha averaged over all locations 
and all years* 
Tillage Cropping 
Genotype NT FP FC CC Avg.b'C 
ears ha ^• 
A632 59981 62829 65753 57057 61405cd 
B73 53446 57891 61367 49970 55669e 
Mol7 50087 54209 58353 45943 52148f 
H99 62326 67125 69547 59904 64726b 
LH38 57554 60331 64205 53679 58942d 
BXM 62075 64179 64300 61954 63127bc 
BxL 67677 67973 69717 65932 67825a 
AXH 64380 66430 66825 63986 65405ab 
Avg. 59691 62621 65008 57303 61156 
*Bar number—model DP=51, SS-14256923852.3319, F 
value=13.56, and C.V.=7.4200. LSD (alpha=0.05)=3936.60 for 
cropping rotation means. 
^Ear number LSD—alpha=0.05, DF=140, MSE=20608604.0000, 
and LSD=2590.90. 
^Values with the same letter are not significantly 
different (alpha=0.05). 
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Table A34. Combined grain weight plant"^ (at 15.5% 
moisture) analysis for all environments 
Source DF SS F 
Envir 5 2355.6849 2.49 * 
Till 1 2659.6519 10.76 * 
Error A 5 1236.4322 
Crop 1 20653.3073 58.70 ** 
Till X crop 1 2801.2824 7.96 * 
Error B 10 3518.4285 
Gene 7 442154.9206 333.79 ** 
Crop X gene 7 2479.8957 1.87 NS 
Till X gene 7 842.8419 0.64 NS 
Till X crop X gene 7 499.7719 0.38 NS 
Error C 140 26493.1522 
* and **=signifleant at the 5 and 1% levels, 
respectively; NS=not significant. 
101 
Table A35. Final grain weight plant~^ (at 15.5% moisture) 
analysis averaged over all locations and all 
years* 
Tillage Rotation 
Genotype NT FP FC CC Avg.b'C 
g plant 
A632 68.18 75.61 79.17 64.62 71.89e 
B73 74.78 88.13 97.55 65.36 81.45d 
Mol7 58.85 72.67 79.41 52.11 65.76ef 
H99 59.28 62.73 66.31 55.70 61.00f 
LH38 83.06 89.53 98.22 74.37 86.29d 
BxM 185.24 191.58 198.78 178.03 188.41a 
BxL 162.77 170.83 179.08 154.52 166.80b 
AXH 152.88 153.51 159.27 147.13 153.20c 
Avg. 105.63 113.07 119.72 98.98 109.35 
®Graln plant"^—model DF=51, 88=479202.2172, F 
value=49.65, and C.V.=12.5600. L8D (alpha=0.05)=5.83 and 
6.03 for tillage and cropping rotation means, respectively. 
^Weight plant"^ L8D~alpha=0.05, DF=140, M8E=189.2370, 
ând LSD—7#85# 
^Values with the same letter are not significantly 
different (alpha=0.05). 
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Table A36. Combined grain weight ear ^ (at 15.5% moisture) 
analysis for all environments 
Source DF SS F 
Envir 5 2153.0294 2.78 * 
Till 1 1983.0766 22.26 ** 
Error A 5 445.4737 
Crop 1 13376.2011 61.69 ** 
Till X crop 1 2429.8437 11.21 ** 
Error B 10 2168.3860 
Gene 7 462254.3526 426.82 ** 
Crop X gene 7 1598.0086 1.48 NS 
Till X gene 7 1131.7353 1.04 MS 
Till X crop X gene 7 521.0793 0.48 NS 
Error C 140 21660.4432 
* and **=signifleant at the 5 and 1% levels, 
respectively; NS=not significant. 
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Table A37. Final grain weight 
_1 
ear (at 15.5% : moisture) 
averaged over all locations and all years® 
Tillage Cropping 
Genotype NT FP PC CC Avg.b'C 
— 3, g Gdr — 
A632 69.58 74.93 76.92 67.58 72.25e 
B73 80.54 94.48 99.69 75.33 87.51d 
Mol7 70.20 83.57 87.22 66.56 76.89e 
H99 57.45 59.29 62.41 54.33 58.37f 
LH38 86.93 92.75 99.49 80.18 89.84d 
BxM 193.00 195.75 203.89 184.87 194.38a 
BxL 166.58 175.10 181.56 160.11 170.84b 
AXH 159.58 159.42 165.17 153.83 159.50c 
Avg. 110.48 116.91 122.04 105.35 113.70 
*Grain weight ear"^—model DF=51, 88=488061.1862, F 
value=61.85, and C.V.=10.9401. LSD (alpha=0.05)=3.50 and 
4.74 for tillage and cropping rotation means, respectively. 
**Grain weight ear"^ LSD—alpha=0.05, DF=140, 
MSE=154.7170, and LSD=7.10. 
^Values with the same letter are not significantly 
different (alpha=0.05). 
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-1 
Table A38. Combined yield (kg ha ; at 15.5% moisture) 
analysis for all environments 
Source DP SS F 
Envir 5 11967481.5609 4.29 ** 
Till 1 15948434.6737 6.68 * 
Error A 5 11930279.5268 
Crop 1 131632492.3203 66.87 ** 
Till X crop 1 20797448.2495 10.56 ** 
Error B 10 19686055.9209 
Gene 7 2152555812.4142 550.66 ** 
Crop X gene 7 9278639.4700 2.37 * 
Till X gene 7 2206903.2160 0.56 NS 
Till X crop X gene 7 3764418.1905 0.96 NS 
Error C 140 78180956.9762 
* and **=signifleant at the 5 and 1% levels, 
respectively; NS=not significant. 
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Table A39. Yield (kg ha"^; at 15 .5% moisture) averaged over 
all locations and all years* 
Tillage Cropping 
Genotype NT FP PC CC A v g . G  
kg ha"^ 
A632 4235.67 4736 .11 5069 .01 3902 .77 4485. 89e 
B73 4530.90 5499 .06 6133 .99 3895 .97 5014. 98d 
Mol7 3726.73 4561 .27 5084 .69 3203.31 4144. OOef 
H99 3655.91 3985 .93 4328 .34 3313 .50 3820. 92f 
LH38 5119.32 5609 .78 6365 .70 4363 .39 5364. 55d 
BXM 11881.33 12427 .40 12998 .61 11310 .11 12154. 36a 
BxL 11213.96 11843 .90 12562 .03 10495 .83 11528. 93b 
AxH 10237.51 10549 .23 10988 .62 9798 .12 10393. 37c 
Avg. 6825.17 7401 .59 7941 .38 6285 .37 7113. 38 
*Yleld--model DF=51, 86=2379767965.5429, F value=83.56, 
and C.V.=10.5054. LSD (alpha=0.05)=573.13 and 451.23 for 
tillage and cropping rotation means, respectively. 
'^Yield LSD—alphaf0.05, DF=140, MSE=558435.0000, and 
LSD=426.50. 
^Values with the same letter are not significantly 
different (alpha=0.05). 
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ABSTRACT 
A series of growth-chamber runs were performed using 
nine different corn (Zea mays L.) residues. These residue 
treatments were Incorporated into the soil mixture used for 
growing eight different corn genotypes. Although individual 
genotypes did not differ In their tolerances to specific 
residues, the residues from different genotypes did exert 
variable effects on corn growth. In general, the hybrid 
residues, B73 x Mol7, B73 x LH38, and A632 x H99 were more 
toxic to corn growth than were Inbred residues. These 
hybrid residues generally reduced plant height, leaf number, 
and plant harvest weights of corn relative to controls grown 
in residue-free soil. These results indicate that corn 
residues do exert toxic effects on corn growth, and that 
some residues may be more toxic than others. 
Additional index words ; 2£âL ma va L., residue. 
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INTRODUCTION 
Plant residues and water-soluble extracts from residues 
often inhibit succeeding plant growth (Irons and Burnside, 
1982; Nielsen et al., 1960; Toussoun et al., 1968). Corn 
residue mixed with soil or residue placed on top of the soil 
inhibited both corn germination and growth in greenhouse 
studies, but this residue toxicity varied depending on the 
residue used, genotype grown, temperature, and the soil 
mixture (Guenzl and McCalla, 1962; Yakle, 1983; Wahab, 1985; 
Yakle and Cruse, 1984). 
Similar reductions of corn growth in continuous-corn, 
no-tlll systems have been attributed to accumulated residue, 
which can cause N tie-up or cooler soil temperatures. 
Greenhouse and growth chamber studies, however, indicate 
that these two factors alone are not the only causes of poor 
germination and growth (Guenzl and McCalla, 1962). 
Researchers have found that residues can influence plant 
growth directly by the release of chemicals from residues or 
indirectly by the influence of residues on soil microbial 
populations (Cochran et al., 1977; Nielsen et al., 1960; 
Irons and Burnside, 1982; Norstadt and McCalla, 1968; 
Toussoun et al., 1968; Patrick et al., 1963). 
Because corn often is grown in conservation-tillage 
systems (Agrichemlcal Age, 1986), corn genotypes that are 
adapted to these more adverse environments should be 
developed. Perhaps corn genotypes could be selected from 
natural genetic populations that tolerate some of the 
detrimental effects of residue. This would be helpful in 
tillage systems that retain corn residue from earlier crops. 
Indeed, research had shown that tolerances of wheat 
cultivars to residues do vary, and that phytotoxicities of 
specific residues differ among cultivars (Klmber, 1973a; 
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Klmber, 1973b; Guenzl et al., 1967). 
A growth chamber experiment was conducted to examine 
the response o£ five inbred and three hybrid corn genotypes 
to ground-corn residues. One objective of this experiment 
was to determine if corn residue exerts a toxic effect on 
corn growth. A second objective was to determine whether 
corn genotypes differ in their tolerance to specific corn 
residues, or whether residues of different genotypes differ 
in their toxicity. 
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MATERIALS AND METHODS 
Eight corn genotypes were selected for this experiment 
based on previous work done by Wahab (1985) and our 
preliminary work. Five inbreds (A632, B73, Mol7, H99, and 
LH38) and three hybrids (B73 x Mol7 (BxM), B73 x LH38 (BxL), 
and A632 x H99 (AxH)l were chosen to be tested. The purpose 
o£ this experiment was to observe the response o£ these 
selected genotypes to corn residues collected from the 
field. Growth of each genotype in treated (Incorporated 
residue) and control pots in a growth chamber was monitored 
by use of height, leaf number, and dry weight measurements. 
This experiment was one in a series of three in which corn 
genotypes were tested for residue tolerance In laboratory, 
growth chamber, and field studies. By utilizing different 
residues in one soil type, corn genotypes could be tested 
for tolerance in a temperature and moisture controlled 
environment. 
All seeds used in these trials were pregerminated 
between two germination blotters (15 x 24 cm. Anchor Paper 
Co.) imbibed with 100 ml of distilled water. Each set of 
blotter papers were held in clear, polystyrene boxes (27 x 
16 X 4 cm, #A601, Flambeau Prod. Co.). One hundred seeds of 
each genotype were placed in eight germination boxes and set 
in warm darkness for three days. Thirty-six of the three-
day-old seedlings for each genotype were then selected for 
uniformity. Six seedlings were planted 25 mm deep in each 
3.8 L plastic pot filled with a 2/3 sand (approximately 4444 
g sand) and 1/3 soil [approximately 2222 g Canisteo fine-
loamy, mixed (calcareous), Meslc Typic Haplaquoll soil 
sifted and screened to < 6 mm] mixture. White styrofoam 
packing was placed on the soil surface in each pot to 
preserve soil moisture. Control pots used only sand and 
soil in the potting mixture. Treated pots, however, had 40 
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g of ground (fco pass through a 2 mm sieve) corn residue 
thoroughly mixed into the soil. Residue consisted of 
chopped stalks, leaves, and ears, collected near Ames, Iowa 
before the 1986 harvest. Residues of each of the eight 
genotypes being evaluated for tolerance were tested. A 
different residue was used in each run. The residues were 
from the genotypes, A632, B73, Mol?, H99, LH38, B73 x Mol7, 
B73 X LH38, and A632 x H99. The A632 residue was collected 
in both 1985 and 1986, and the residue from each year was 
used in separate runs. Nine hundred milliliters of a 
complete nutrient solution (Epstein, 1972) were added to 
each pot after the seedlings were planted. Nutrient 
solution (450 ml) was also added at four and at eight days 
after planting (DAP). Pots also were watered with 450 ml of 
distilled water on 3 and 6 DAP. Some drainage occurred 
after each watering and the soil remained moist throughout 
the experiment. Growth chamber temperature was maintained 
at 29°C for 16 h of daylight and 24°C for 8 h of darkness. 
The growth chamber size allowed 48 pots to be arranged in a . 
randomized complete block design consisting of three blocks. 
The two treatments in the experiment (residue added or 
control) were implemented on all eight genotypes within each 
growth chamber run. 
Three days after planting, the seedlings in each pot 
were thinned to four plants. Plant heights of the four 
seedlings were taken on 4, 7, 9, and 11 DAP. Plant height 
was measured from the soil surface to the tip of the highest 
extended leaf. Leaf number also was recorded on 7, 9, and 
11 DAP. Leaf number was not determined with the first 
height measurement because all plants were at VI (Ritchie 
and Hanway, 1982). At 11 DAP, the entire contents (plants 
and soil mixture) of each pot were removed, placed on 
screens, and rinsed with running water until the soil was 
114 
washed from the roots. Any roots that broke off were 
retained along with the plants by the catch screens. Then, 
each plant was cut just above the nodal roots, into root and 
shoot sections, and combined with the roots or shoots of the 
other three plants from that pot. These samples were then 
dried at 65^C for 72 h before being weighed to +/- 0.0001 g. 
Residues used in these series of runs were from ground 
field corn plant samples of each of the eight genotypes 
being evaluated for tolerance. Each genotype grown in these 
trials was compared for tolerance to each of the corn plant 
residues. The entire experiment consisted of 18 runs where 
each run utilized only one type of residue. Each of the 
nine different residues were tested twice. Each run was 
analyzed separately. Then, the two runs for each residue 
were combined for another analysis of variance. The 
combined experiment, consisting of all 18 trials, was 
analyzed as a randomized complete block experiment. In this 
combined analysis the residue treatments included the eight 
different residues and an average of controls across runs. 
Therefore, a significant effect of the residue treatment may 
indicate a significant effect of residue averaged over all 
treatments and/or differences among residues types. Also, 
an analysis of the calculated differences between control 
and residue-treated plants for the height, leaf number, and 
weight data was also performed. These differences are 
described in the data tables as reductions because most 
residues did reduce these parameters as compared with the 
control. Pertinent LSD (0.05 level) comparisons were used 
to examine the treatment means of each genotype (Table Al). 
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RESULTS AND DISCUSSION 
Combined analyses of variance were performed on the 
height/ stage, and weight measurements from 18 growth-
chamber runs. These analyses tested for effects of residue 
treatment, genotype, and genotype x residue treatment 
interactions. 
Both residue treatment and genotype affected height at 
4 DAP (Table A2). Control plants (averaged over all 
genotypes) were significantly taller than plants grown in 
H99, A632/1986, B73 x Mol7, and B73 x LH38 residues. There 
was no treatment x genotype interaction between the height 
differences. Analyzing the height reductions resulting from 
residue treatments again showed that individual residues 
affected corn plants differently (Table A3). The treatment 
X genotype interaction, however, did not have significant 
differences. The residue height reductions figured for each 
genotype and for each residue are shown on Table A4. 
Both residue treatment and genotype affected height at 
7 DAP (Table A5). Leaf number at 7 DAP was also affected by 
residue treatment and genotype (Table A6). The residue of 
LH38, A632/1986, B73 x Mol7, B73 x LH38, and A632 x H99 
decreased plant height significantly as compared with the 
control (Table A7). Only the LH38 and A632 x H99 residues 
significantly reduced leaf number relative to the control. 
Analysis of height reductions, between the control and each 
residue treatment mean, revealed that residue treatments 
were not only different from the control, but that they were 
significantly different from each other (Tables A8 and A9). 
The three hybrid residues and the LH38 and A632/1986 
residues reduced plant height more than the other residues. 
Plant height and leaf number measurements at 9 DAP 
again showed that these parameters were affected by the 
residue treatment applied to the soil mixture (Tables AlO 
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and All). Height at 9 DAP was most strongly reduced by 
A632/1985, LH38, A632/1986, B73 x Mol7, B73 x LH38, and A632 
X H99 residue treatments compared with the control (Table 
A12). Leaf number was significantly increased by Mol7 
residue, and decreased by A632/1986 and A632 x H99. Height 
reductions at 9 DAP between the controls and residue treated 
plants also revealed that residue treatments significantly 
reduced plant height. Also, residues varied in their 
toxicity (Table A13). These reductions (Table A14), when 
averaged over all genotypes, showed that LH38, A632/1986, 
B73 X Mol7, and A632 x H99 Inhibited corn height more 
strongly than B73, Mol7, and H99. 
The fourth height measurement taken at 11 DAP still 
showed residue treatment and plant genotype effects on corn 
plant height (Table A15). Leaf number at 11 DAP was also 
strongly affected by treatment (Table A16). Control plants 
were significantly taller than corn planted in a soil 
mixture containing the residues: LH38, A632/1986, B73 x 
Mol7, B73 X LH38, and A632 x H99 (Table A17). Leaf number 
at 11 DAP was reduced by only LH38, A632/1986, and A632 x 
H99 residues. Calculated reductions between controls and 
residue treatments showed significant differences between 
residues (Table A18). Height reductions (Table A19), when 
averaged over plant genotypes, revealed that the A632/1986 
residue caused the greatest growth inhibition. The hybrid 
residues and the inbred residues LH38 and A632/1985 also 
caused corn plants grown in these residues to be shorter 
than control plants. The B73, Mol7, and H99 residues, 
however, stimulated some genotypes to grow taller. 
Harvested shoot (Table A20) and root (Table A21) dry 
weights also showed residue treatment effects. Again plants 
grown in the LH38, A632/1986, and the hybrid residues had 
lighter shoot weights (Table A22). Root weights, however. 
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were reduced the most by treatment with Mol7 residue, and 
were stimulated by additions of the A632 x H99 residue. 
Calculated reductions of shoot (Table A23) and root (Table 
A24) dry weights by residue treatments (reductions between 
control and residue-treated weights) again showed that the 
residue treatments were significantly different. Shoot 
weights of plants grown with B73 or Mol7 residues were 
reduced less than the shoot weights of plants grown in 
potting mixtures containing LH38, A632/1986, B73 x Mol7, B73 
X LH38, or A632 x H99 (Table A25). On the other hand, root 
weights were reduced more by the Mol7 residue, and were 
Increased by the A632 x H99 residue treatment (Table A26). 
Shoot-to-root ratios derived from the reductions 
between control and residue weights were affected 
differently by each residue treatment (Table A27). With 
this ratio, the greatest reductions were produced by the 
A632 X H99 residue treatment. The Mol7 residue, on the 
other hand, stimulated the plants toward high shoot-to-root 
ratios (Table A28). 
The final results from all combination analyses of 
variance (over all 18 growth-chamber runs) for all 
measurements are summarized in Table 1. The levels of 
significance representing the calculated differences between 
controls and residue treatments are shown. Residue 
treatment was significant for all plant-growth parameters 
measured. Plant genotype was significant in the 18-run-
combinatlon analysis only for the root dry-weight reduction 
caused by the residue treatment. One of the main objectives 
of this experiment, however, was to determine different 
residue effects on young corn plants. Residues from the 
different genotypes did have varying effects, but generally 
the plant genotypes did not differ in their response to the 
residues. 
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Table 1. Analyses of variance £or the first height (HTl), 
the second height (HT2), the third height (HT3), 
the fourth height (HT4), the first leaf number 
(LNl), the second leaf number (LN2), the third 
leaf number (LN3), shoot weight (8W), root weight 
(RW), and shoot-to-root ratio (S/R) reductions 
between control and residue treatment plants 
Source HTl HT2 HT3 HT4 LNl LN2 LN3 SW RW S/R 
Run NS NS NS NS NS NS NS NS NS NS 
Trt ** ** ** ** * ** * ** ** ** 
Gene NS NS NS NS NS NS NS NS * NS 
Trt X gene NS NS NS NS NS NS NS NS NS NS 
* and **=signifleant at the 5 and 1% levels, 
respectively; NS=not significant. 
Plant height was generally more affected by residue 
treatment than leaf number. Dry weights were also affected 
by residue treatment. Thus, the resulting shoot-to-root 
reductions also showed treatment variances. 
Residue decomposition and N tie-up in soils may be 
linked (Rice, 1984b). Thus, harvested plant samples from 
the growth chamber were ground for analysis of N. Control 
and B73 x LH38 residue-treated plants of four genotypes 
(B73, Mol7, B73 X Mol7, and B73 x LH38) were analyzed (Table 
2). All residue-treated plants had less M In their shoots 
than controls. The N content decreased 3.4 to 10.3% with 
residue treatment, depending on the genotype grown. Hybrid 
genotypes were more affected by the residue treatment than 
the Inbreds. All samples, however, showed ample N for 
growth because corn at this age (11 DAP) generally has about 
3-4% N. Also, the samples in all the growth-chamber runs 
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were amply fertilized and watered so that fertility would 
not be a limiting factor. Each pot was fertilized three 
times with nutrient solution during each run. The total 
fertilization pot~^ was at a rate of 0.57 g N, 0.46 g P, and 
0.41 g K as the major nutrients. This fertilization over 
time was the same as applying 174.92 kg ha~^ of N, 143.28 kg 
ha ^ of P, and 126.59 kg ha ^ of K to a furrow-slice depth. 
Table 2. Percentage N in residue samples taken from plants 
grown in growth chamber runs using controls or 
residue (B73 x LH38 residue, 40 g) treatments 
Plant Samples %N (w/w) Difference % of control 
B73 (control) 
B73 (residue) 
4.91 
4.55 0.36 7.3 
Mol7 (control) 
Mol7 (residue) 
4.65 
4.49 0.16 3.4 
B73 X Mol7 (control) 
B73 X Mol7 (residue) 
4.75 
4.26 0.49 10.3 
B73 X LH38 (control) 
B73 X LH38 (residue) 
5.01 
4.60 0.41 8.2 
Individual growth chamber runs were often significantly 
different because of unaccountable growth-chamber 
differences. Residues, however, were usually so detrimental 
to plant growth that treatment effects were apparent. 
Generally, hybrid residues were more detrimental to plant 
growth. The hybrid A632 x H99 treatment, however, increased 
root dry weights in several genotypes. Also, the use of one 
residue (A632) from plant material grown and collected in 
1985 tested differently than that same residue grown and 
collected in 1986. The newer plant material was much more 
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inhibitory in all tests. And, this residue-treatment effect 
seems to be greater over time (during each run) for the 
residue. 
Results from other research findings suggest that 
phytotoxlns may be released from residues (Yakle, 1983). 
Corn grown in residue-treated soils may or may not show 
qenotyplc susceptibility or tolerance to these phytotoxlns. 
Field conditions, however, could amplify or minimize 
phytotoxlc effects, depending on other environmental 
conditions. 
The results from our experiments seem to indicate that 
corn residues exert toxic effects on corn growth. And, the 
conditions under which the residue was produced or the 
genotype of the residue used may Influence this toxicity. 
Residues of some genotypes seem to be more toxic to plant 
growth than residues from other genotypes. Time, which 
enables residue decomposition in the soil, may also be a 
factor in residue toxicity. Corn genotypes may or may not 
differ in their tolerance to specific corn residues. 
Perhaps under more severe environmental conditions such as 
in the field, genotyplc variance would become more 
pronounced. 
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APPENDIX 
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Table Al. Statistical analyses Information 
Statistical analyses were performed on Iowa State 
University's WYLBUR system using SAS general linear models 
procedure as listed in SAS User's Guide (Statistical 
Analysis System Institute, 1982). 
With some tables, the type I sum of squares (SS), F 
value, and coefficient of variation (C.V.) for the variable 
being examined are typed in at the bottom of the data table. 
Data were analyzed for replication effects in preliminary 
analyses, but the results are not presented in these summary 
analyses of variance tables. 
Dependent variables were analyzed for treatment effects 
with the test for significance being seen at F probabilities, 
less than 0.05. If effects were significant at the 0.05 
level, feasible T tests (least significant difference, LSD) 
were conducted. The LSD at the 0.05 level shows significant 
differences between treatments. 
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Table A2. First height measurement analysis taken 4 DAP the 
growth chamber plants 
Source DP SS P 
Run 1 3806.1689 13.90 ** 
Trt 9 11018.1641 4.47 It* 
Gene 7 52336.1041 27.30 *# 
Trt X gene 63 1288.4074 0.07 NS 
Error 78 21362.7659 
**=slgnifleant at the 1% level; NS=not significant. 
Table A3. First height reduction analysis between control 
and residue treatments 4 DAP the growth chamber 
plants 
Source DP SS F 
Run 1 125.4557 0.38 NS 
Trt 8 11533.7237 4.32 ** 
Gene 7 769.5766 0.33 NS 
Trt X gene 56 3318.1741 0.18 NS 
Error 70 23386.3237 
««ssignifleant at the 1% level; NS=not significant. 
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Table A4. Height reductions between control and residue 
treated plants for each genotype front the growth 
chamber plant measurements taken 4 DAP^ 
Inbred residues 
1985 1986 
Genotype A632 B73 Mol7 H99 LH38 A632 
mm 
A632 3.04 3.54 -3.08 9.21 7.08 9.71 
B73 -6.09 5.36 -9.22 -1.01 10.74 12.36 
Mol7 -13.59 1.33 -11.50 4.41 0.62 6.29 
H99 -3.99 1.92 -2.87 6.42 8.84 9.42 
LH38 -7.45 -4.37 0.59 0.17 7.38 3.13 
BxM -5.29 -3.13 -37.48 8.83 6.25 7.66 
BxL -8.38 -4.50 -2.17 3.29 5.20 12.50 
AxH -5.18 -1.72 -19.59 5.20 4.20 7.20 
Avg.^ -5.86e -0.20d -11.42f 4.57bc 6.29bc 8.54b 
Genotype 
Hybrid residues 
BXM BxL AXH 
mm 
A632 
B73 
Mol7 
H99 
LH38 
BxM 
BxL 
AXH 
Avg.' 
13.12 
14.90 
11.37 
17.63 
14.92 
16.41 
17.08 
23.07 
16.06a 
16.16 
14.70 
6.49 
8.42 
8.30 
9.83 
17.29 
22.04 
12.90ab 
17.08 
20.99 
8 . 6 2  
9.92 
11.72 
16.37 
22.25 
22.49 
16.18a 
*Helght dlf.--alpha=0.05, model DP=72, 88=15746.9300, F 
value=0.65, and C.V.=341.9216. A negative number Indicates 
that the residue treatment did not reduce plant height. 
^Avg. height dlf.—alpha=0.05, DF=70, M8E=334.0900, and 
LSD=4.77. Means followed by the same letter are not 
significant. 
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Table AS. Second height measurement analysis taken 7 DAP 
the growth chamber plants 
Source DP SS F 
Run 1 12745.6933 19.08 ** 
Trt 9 70982.5858 11.80 ** 
Gene 7 232740.8324 49.76 ** 
Trt X gene 63 7470.2215 0.18 NS 
Error 79 52784.2973 
**=signlfleant at the 1% level; NS=not significant. 
Table A6. First leaf number analysis taken 7 DAP the growth 
chamber plants 
Source DP SS P 
Run 1 1.7596 21.32 ** 
Trt 9 1.9358 2.61 * 
Gene 7 9.4209 16.31 ** 
Trt X gene 63 2.2376 0.43 NS 
Error 79 6.5197 
* and **=slgnlfleant at the 5 and 1% levels, 
respectively; NS=not significant. 
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Table A7. Treatment means for plant height and leaf number 
at 7 DAP averaged over all plant genotypes* 
Treatment Mean height^ Mean leaf number^ 
- mm - - leaf number -
Control 234.41ab 1.70a-c 
A632/1985 224.63b 1.73ab 
B73 239.81ab 1.68a-d 
Mol7 251.56a 1.81a 
H99 224.29b 1.64a-e 
LH38 193.10c 1.44e 
A632/1986 187.48c 1.53c-e 
BXM 199.94c 1.56b-e 
BxL 203.38c 1.63a—e 
AXH 196.77c 1.48de 
^Within each, column, means followed by the same letter 
are not significantly different (alpha=0.05). 
^Height L8D--alpha=0.05, DF=79, MSB=668.1560, and 
LSD=18.19. 
^Leaf number LSD—alpha=0.05, DP=79, MSE=0.0825, and 
LSD=0.20. 
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Table A8. Second height reduction analysis between control 
and residue treatments 7 DAP the growth chamber 
plants 
Source DF SS F 
Run 1 1.1025 0.00 NS 
Trt 8 64651.9105 11.97 ** 
Gene 7 4673.3249 0.99 NS 
Trt X gene 56 7002.8890 0.19 NS 
Error 71 47951.3926 
**=slgnlfleant at the 1% level; NS=not significant. 
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Table A9. Height reduction between control and residue 
treatment plants for each genotype from the 
growth chamber measurements taken 7 DAP* 
Inbred residues 
1985 1986 
Genotype A632 B73 Mol7 H99 LH38 A632 
A632 10.48 23.62 -7.80 22.95 49.33 50.08 
B73 6.54 5.04 -17.33 1.88 40.59 62.63 
Mol7 -2.02 -1.89 -14.89 9.61 36.44 43.92 
H99 21.64 1.34 2.05 20.84 51.93 43.97 
LH38 6.94 -11.60 -15.93 10.27 44.90 31.27 
BXM 4.10 -20.69 -31.56 12.98 36.06 45.60 
BxL 8.32 -17.85 -21.31 -0.35 38.57 50.03 
AxH 22.19 -21.22 -30.43 2.78 32.61 47.94 
Avg.b 9.77b -5.41bc -17.15c 10.12b 41.30a 46.93a 
Hybrid residues 
Genotype BxM BxL AxH 
A632 40.45 44.53 49.49 
B73 30.63 43.88 36.38 
Mol7 25.52 22.98 30.27 
H99 47.30 28.72 36.43 
LH38 30.19 16.36 33.56 
BxM 29.52 24.81 36.89 
BxL 28.27 28.19 39.65 
AxH 43.86 38.78 38.44 
Avg.b 34.47a 31.03a 37.64a 
^Height dif.--alpha=0.05, model DP=72, 88=76329.2268, F 
value=1.57, and C.V.=123.9446. 
^Avg. height dif. L8D—alpha=0.05, DF=71, MSE=675.3720, 
and LSD=18.32. Means followed by the same letter are not 
significantly different. 
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Table AlO. Third height measurement analysis taken 9 DAP 
the growth chamber plants 
Source DF SS F 
Run 1 10828.0118 8.08 ** 
Trt 9 120054.6871 9.95 ** 
Gene 7 492458.1287 52.50 ** 
Trt X gene 63 17025.5276 0.20 NS 
Error 79 105868.1482 
**=signlfleant at the 1% level; NS=not significant. 
Table All. Second leaf number analysis taken 9 DAP the 
growth chamber plants 
Source DF SS 
Run 1 2.4986 50.61 ** 
Trt 9 2.1526 4.84 ** 
Gene 7 3.0340 8.78 ** 
Trt X gene 63 1.1702 0.38 NS 
Error 79 3.9004 
**=signifleant at the 1% level; NS=not significant. 
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Table A12. Treatment means for third height and second leaf 
number at 9 DAP averaged over all plant 
genotypes* 
Treatment Mean height^ Mean leaf number^ 
Control 331.47ab 2.16bc 
A632/1985 304.02cd 2.08b-e 
B73 331.38ab 2.23ab 
Mol7 351.32a 2.37a 
H99 314.80bc 2.15b-d 
LH38 271.68ef 2.04c-e 
A632/1986 261.57f 2.OOd-e 
BxM 286.44d-f 2.04c-e 
BxL 296.07c-e 2.02c-e 
AXH 283.17d-f 1.99e 
^Within each column, means followed by the same letter 
are not significantly different (alpha=0.05). 
^Height LSD--alpha=0.05, DF=79, M8E=1340.1000, and 
LSD=25.76. 
^Leaf number LSD—alpha=0.05, DF=79, MSE=0.0494, and 
LSD=0.16. 
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Table A13. Third height reduction analysis between control 
and residue treatments 9 DAP the growth chamber 
plants 
Source DP 88 F 
Run 1 174.1080 0.12 NS 
Trt 8 105841.6615 9.01 ** 
Gene 7 8201.5486 0.80 NS 
Trt X gene 56 16205.3728 0.20 NS 
Error 71 104239.5741 
**=slgnlfleant at the 1% level; NS=not significant. 
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Table A14. Height reduction between control and residue 
treatment plants for each genotype from the 
growth chamber measurements taken 9 DAP* 
Inbred residues 
1985 1986 
Genotype A632 B73 Mol 7 H99 LH38 A632 
A632 25.75 49.00 11.26 28.30 53.42 62.71 
B73 33.29 9.62 -9.54 5.42 67.00 92.12 
Mol7 6.00 -4.42 -35.96 10.08 61.16 85.04 
H99 38.14 1.44 -9.69 34.98 72.77 67.40 
LH38 16.09 -15.28 -29.99 17.64 58.35 46.55 
BxM 20.61 -12.64 -18.59 18.32 63.74 71.86 
BxL 42.52 -8.27 -20.98 8.81 62.73 83.36 
AxH 37.15 -18.80 -45.35 9.82 39.12 50.11 
Avg.b 27.45cd 0.08ef -19.85f 16.67de 59.79ab 69.89a 
Hybrid residues 
Genotype BxM BxL AxH 
mm 
A632 42.59 25.21 57.84 
B73 42.92 56.00 43.04 
Mol7 45.41 37.58 49.25 
H99 64.60 42.39 58.85 
LH38 48.93 22.64 45.97 
BxM 46.45 29.28 46.86 
BxL 32.48 44.65 54.27 
AXH 36.86 25.41 30.28 
Avg.b 45.03ac 35.40bd 48.30ac 
^Height dif.--alpha=0.05, model DP=72, 88=130422.6908, 
F value=1.23, and C.V.=121.9622. 
^Avg. height dif. LSD—alpha=0.05, DF=71, 
MSB=1468.1600, and LSD=27.01. Means followed by the same 
letter are not significantly different. 
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Table A15. Last height measurement analysis taken 11 DAP 
the growth chamber plants 
Source DF SS F 
Run 1 4624.0529 3.30 NS 
Trt 9 129083.4726 10.24 ** 
Gene 7 592078.3394 60.40 ** 
Trt X gene 63 19114.5836 0.22 NS 
Error 79 110635.3065 
**=slgnlfleant at the 1% level; NS=not significant. 
Table A16. Last leaf number analysis taken 11 DAP the 
growth chamber plants 
Source DF SS F 
Run 1 2.2077 29.61 ** 
Trt 9 1.8460 2.75 «* 
Gene 7 11.0568 21.19 ** 
Trt X gene 63 1.5231 0.32 NS 
Error 79 5.8896 
**=slgnlfleant at the 1% level; NS=not significant. 
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Table A17. Treatment means £or last height and leaf number 
at 11 DAP averaged over all plant genotypes^ 
Treatment Mean height^ Mean leaf number^ 
Control 416.53a-c 2.79a 
A632/1985 391.19a-e 2.74ab 
B73 425.62ab - 2.82a 
Mol7 430.43a 2.80a 
H99 404.05b-d 2.81a 
LH38 364.lOf 2.57bc 
A632/1986 336.64g 2.50c 
BxM 378.19d-f 2.66a-c 
BxL 380.19d-f 2.72ab 
AxH 367.39ef 2.58bc 
^Within each column, means followed by the same letter 
are not significantly different (alpha=0.05). 
^Height LSD~alpha=0.05, DF=79, MSE=1400.4500, and 
LSD—26#34, 
®Leaf number LSD—alpha=0.05, DF=79, MSE=0.0746, and 
LSD=0.19. 
Table A18. Fourth height reduction analysis between control 
and residue treatments 11 DAP the growth chamber 
plants 
Source DF SS F 
Run 1 90.2500 0.06 NS 
Trt 8 116032.8346 9.62 ** 
Gene 7 10717.2255 1.02 NS 
Trt X gene 56 18042.8611 0.21 NS 
Error 71 107033.7178 
**=slgnifleant at the 1% level; NS=not significant. 
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Table A19. Height reduction between control and residue 
treatment plants for each genotype from the 
growth chamber measurements taken 11 DAP* 
Inbred residues 
1985 1986 
Genotype A632 B73 Mol7 H99 LH38 A632 
mm 
A632 20.52 25.14 13.43 21.34 55.38 85.34 
B73 30.55 6.01 2.26 9.89 55.14 96.22 
M0l7 -0.17 -3.34 -17.88 4.71 60.08 95.54 
H99 34.04 0.29 -4.54 40.75 69.79 74.75 
LH38 2.68 -24.86 -18.16 13.63 58.26 48.72 
BxM 34.06 -41.86 -26.32 7.39 42.06 76.18 
BxL 33.71 -22.58 -23.45 4.13 46.42 76.13 
AxH 47.30 -11.57 -36.53 -2.03 32.26 86.26 
Avg.^ 25.34bc -9.10d -13.90d . 12.48cd 52.43b 79.89a 
Hybrid residues 
Genotype BxM BxL AxH 
A632 42.76 52.51 77.22 
B73 34.84 60.76 35.01 
Mol7 22.92 31.33 50.04 
H99 60.21 37.08 60.29 
LH38 39.80 17.51 41.97 
BxM 31.26 25.60 43.77 
BxL 33.25 23.42 46.92 
AXH 41.64 42.47 37.84 
Avg. 38.34bc 36.34bc 49.13b 
^weight difalpha=0.05, model DP=72, 88=144883.1713, 
F value=1.33, and C.V.=128.9723. 
*^Avg. height dif. LSD—alpha=0.05, DF=71, M8E=1507.52, 
and LSD=27.37. Means followed by the same letter are not 
significantly different. 
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Table A20. Shoot dry-plant weight analysis taken 11 DAP the 
growth chamber plants 
Source DP SS P 
Run 1 2.8694 29.24 ** 
Trt 9 6.2911 7.12 ** 
Gene 7 12.8836 18.75 ** 
Trt X gene 63 1.3350 0.22 NS 
Error 79 7.7532 
**=signifleant at the 1% level; N8=not significant. 
Table A21. Root dry-plant weight analysis taken 11 DAP the 
growth chamber plants 
Source DP SS F 
Run 1 2.0827 94.68 ** 
Trt 9 0.9053 4.57 ** 
Gene 7 3.8654 25.10 ** 
Trt X gene 63 0.7372 0.53 NS 
Error 79 1.7377 
**=slgnifleant at the 1% level; NS=not significant. 
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Table A22. Treatment means for shoot and root dry weight 11 
DAP averaged over all plant genotypes* 
Treatment Mean shoot wt.^ Mean root wt.^ 
9 
Control 1.35ab 0.73b-d 
A632/1985 1.20bc 0.76b-d 
B73 1.42a 0.77b-d 
Mol7 1.36ab 0.62e 
H99 1.21a-c 0.72cd 
LH38 0.91d 0.81a-c 
A632/1986 0.84d 0.69de 
BxM 1.03cd 0.83ab 
BxL 0.98d 0.72c-e 
AxH 0.96d 0.90a 
^Within each column, means followed by the same letter 
are not significantly different (alpha=0.05). 
^Shoot weight LSD—alpha=0.05, DF=79, MSB=0.0981, and 
LSD=0.22. 
®Root weight LSD—alpha=0.05, DF=79, MSB=0.0220, and 
LSD=0.10. 
138 
Table A23. Shoot dry-weight reduction analysis between 
control and residue treatments 11 DAP the growth 
chamber plants 
Source DF SS F 
Run 1 0.0210 0.20 NS 
Trt 8 5.3861 6.52 ** 
Gene 7 0.7594 1.05 NS 
Trt X gene 56 1.2590 0.22 NS 
Error 71 7.3316 
**=slgnlfleant at the 1% level; NS=not significant. 
Table A24. Root dry-weight reduction analysis between 
control and residue treatments 11 DAP the growth 
chamber plants 
Source DF SS F 
Run 1 0.1008 3.86 NS 
Trt 8 0.8933 4.27 ** 
Gene 7 0.4069 2.22 * 
Trt X gene 56 0.6965 0.48 NS 
Error 71 1.8565 
* and **=signifleant at the 5 and 1% levels, 
respectively; NS=not significant. 
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Table A25. Shoot weight reductions between control and 
residue treatment plants for each genotype from 
the growth chamber weights taken 11 DAP^ 
Inbred residues 
1985 1986 
Genotype A632 B73 Mol7 H99 LH38 A632 
A632 0.08 0.22 
y 
0.23 0.25 0.39 0.42 
B73 0.31 0.06 0.17 0.15 0.46 0.68 
Mol7 •0.04 0.05 -0.01 -0.05 0.39 0.78 
H99 0.26 0.11 0.05 0.24 0.52 0.54 
LH38 0.06 -0.18 -0.11 0.09 0.44 0.36 
BxM 0.12 -0.52 -0.18 0.03 0.45 0.49 
BxL 0.32 0.02 -0.18 0.24 0.52 0.57 
AxH 0.13 -0.29 -0.06 0.15 0.39 0.53 
Avg.b 0.15b-d -0.07d -O.Old 0.14cd 0.45a 0.51a 
Hybrid residues 
• 
Genotype BxM BxL AxH 
A632 0.30 
g 
0.38 0.40 
B73 0.34 0.51 0.39 
Mol7 0.22 0.23 0.36 
H99 0.44 0.43 0.47 
LH38 0.33 0.32 0.22 
BxM 0.31 0.29 0.34 
BxL 0.28 0.40 0.53 
AXH 0.39 0.45 0.43 
Avg.b 0.33a-c 0.37ab 0.39a 
^Weight dlf.—alpha= 0.05, model DF®72, SS =7.4256, F 
value=1.00 , and C.V.=128. 1815. 
^Avg. shoot dlf. LSD —alpha=0.05, DF=71, MSE=0.1033, 
and LSD=0.23. Means followed by the same letter are not 
significantly different. 
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Table A26. Root weight reductions between control and 
residue treatment plants for each genotype from 
the growth chamber weights taken 11 DAP* 
Inbred residues 
1985 1986 
Genotype A632 B73 Mol7 H99 LH38 A632 
A632 0.05 -0.01 0.17 
9 
-0.03 0.00 0.05 
B73 0.04 0.07 0.14 0.02 -0.17 0.22 
Mol7 -0.08 0.01 0.09 -0.02 0.05 0.11 
H99 0.02 0.03 0.05 0.04 -0.08 0.05 
LH38 -0.13 -0.11 0.07 0.02 -0.09 -0.04 
BxM -0.08 —0.30 0.23 0.02 -0.19 -0.09 
BxL -0.04 0.00 0.07 -0.07 -0.18 -0.02 
AxH -0.05 -0.03 0.07 0.08 0.03 0.05 
Avg.b 
-0.03bc -0.04bc 0.11a O.Ola-c -0.08cd 0.04ab 
Hybrid residues 
Genotype BxM BxL AxH 
9 
A632 -0.05 0.09 -0.05 
B73 -0.08 0.21 -0.14 
Mol7 -0.14 -0.07 -0.11 
H99 -0.01 -0.06 -0.15 
LH38 -0.15 -0.22 -0.20 
BxM -0.15 0.04 -0.36 
BxL -0.26 -0.03 -0.24 
AxH 0.02 0.10 -0.13 
Avg.b 
-0.lOcd O.Ola-c -0.17d 
^Weight dlfalpha=0.05, model DF=72, 88=2.0975, F 
value=l.ll, and C.V.=558.3940. 
^Avg. root dlf. LSD—alpha=0.05, DF=71, MSE=0.0261, and 
LSD=0.11. Means followed by the same letter are not 
significantly different. 
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Table A27. Harvest reduction analysis between control and 
residue shoot-to-root ratios 11 DAP the growth 
chamber plants 
Source DF SS P 
Run 1 0.0004 0.00 NS 
Trt 8 24.9585 9.99 *« 
Gene 7 2.8733 1.31 NS 
Trt X gene 56 2.8790 0.16 NS 
Error 71 22.1798 
**=signlfleant at the 1% level; NS=not significant. 
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Table A28. Shoot-to-root weight reductions between control 
and residue treatment plants for each genotype 
from the growth chamber weights taken 11 DAP* 
Inbred residues 
1985 1986 
Genotype A632 B73 Mol7 H99 LH38 A632 
A632 -0.01 0.35 -0.27 0. 39 0.62 0.67 
B73 0.33 -0.08 -0.29 0. 19 0.89 0.65 
Mol7 0.15 0.03 -0.42 -0. 13 0.57 0.65 
H99 0.32 -0.04 -0.18 0. 37 1.04 0.87 
LH38 0.38 -0.27 -0.42 0. 15 0.84 0.68 
BxM 0.18 -0.16 -0.84 0. 02 0.66 0.62 
BxL 0.56 0.05 -0.73 0. 51 1.13 0.92 
AxH 0.10 -0.66 -0.64 -0. 06 0.46 0.51 
Avg.b 0.25c-e -O.lOef -0.48f 0. 18de 0.78ab 0.70ab 
Hybrid residues 
Genotype BxM BXL AXH 
A632 0.54 0.50 0. 80 
B73 0.53 0.26 0. 77 
Mol7 0.61 0.45 0. 85 
H99 0.72 0.82 1. 09 
LH38 0.67 0.79 0. 75 
BxM 0.43 0.19 0. 75 
BxL 0.88 0.45 1. 17 
AxH 0.40 0.29 0. 72 
Avg.^ 0.60a-c 0.47b-d 0. 86a 
*Shoot-to-root dif.—alpha=0.05, DF=72, 88=30.7111, F 
value-1.37/ and C.V.=154.4326. 
'^Avg. shoot-to-root dif. L8D—alpha=0.05, DF=71, 
MSE=0.3124, and LSD=0.39. Means followed by the same letter 
are not significantly different. 
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ABSTRACT 
TWO corn (Zfia. maya L.) residues were chosen to test 
whether corn genotypes differ in their tolerance to aqueous 
extracts of specific corn residues. In this study, 
measurements were taken in a temperature-controlled 
environment to determine whether the corn extracts exerted 
toxic effects on corn growth. Both residues (B73 x LH38 and 
Piorieer 3732) used for the extract treatments generally 
reduced shoot length, root length, and root dry weights. 
While these growth parameters were affected differently by 
each extract, the genotypes tested did not always differ in 
their tolerance to Individual residue extracts. One growth 
parameter measured, however, differed with extract applied 
and genotype grown. Shoot length differences had 
significant genotype x treatment interaction. Because 
genotypes differed in their response to extract treatments 
for shoot length, it is possible that corn genotypes can 
differ in their tolerance to specific corn residues. This 
tolerance or intolerance may be more obvious in field 
situations where environmental constraints could amplify 
toxic effects of corn residues. 
Additional index words : Zea mays L., residue extract. 
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INTRODUCTION 
Fresh as well as decomposed corn residues have been 
shown to inhibit plant growth (Nielsen et al., 1960; Guenzl 
and McCalla, 1962; Norstadt et al., 1967; Assumpcao, 1979; 
Varley and Cruse, 1982; Yakle, 1983; Yakle and Cruse, 1983; 
Wahab, 1985). Factors thought to cause this inhibition in 
the field and greenhouse have included decreased nutrient 
availability, lower soil temperatures associated with 
surface residue, changes in microbial populations associated 
with residue decomposition, and toxicity from chemicals 
(allelochemicals) released from the residue. 
Yakle (1983) found that aqueous extracts of.corn 
residue inhibited growth of corn seedlings. When the 
aqueous extracts were filtered through a soil column, the 
inhibitory effect of the extracts was reduced. All extracts 
reduced root and shoot dry weights and primary root and 
shoot lengths. Corn seeds imbibed on the soil-leached 
extracts had root dry weights that were 17% less than 
seedlings germinated with tap water. Seedlings grown with 
unleached corn extracts were even more Inhibited. Yakle's 
conclusion was that corn residue phytotoxins were present 
and that these toxins are Inactivated in the soil by 
microbial degradation and soil adsorption. 
In another series of greenhouse experiments, Wahab 
(1985) found that addition of corn extracts, incorporation 
of residues into soil, or placement of residues on the soil 
surface could influence corn growth. Surface residue 
reduced root weights more than additions of extracts to the 
soil. Incorporating ground residue was even more toxic. 
All treatments, residues, and extracts gave lower dry 
weights than control treatments. Also, some hybrids seemed 
to be more sensitive to residue toxins than other hybrids. 
In experiments done by Kimber (1973a; 1973b), wheat 
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cultlvars showed variable tolerances to Incorporated 
residues. Some genotypes were less sensitive to the residue 
toxicity than others. 
Thus, a laboratory experiment was conducted in a 
constant-temperature room to determine: 1) whether corn 
extracts exert toxic effects on corn growth and 2) whether 
corn genotypes differ in their tolerance to specific corn 
residue extracts. 
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MATERIALS AND METHODS 
This experiment was one portion of a series o£ three in 
which corn genotypes were tested for residue tolerance in 
laboratory, growth chamber, and field studies. By utilizing 
different residue extracts on germination blotters, corn 
genotypes were tested for tolerance in a temperature- and 
moisture-controlled environment. The genotypes selected 
were chosen based on an earlier study by Wahab (1985) and on 
our preliminary experiments. Three hybrids, B73 x Mol7, B73 
X LH38, and A632 x H99, which showed varying tolerances to 
residue in Wahab's studies were used in this experiment 
along with five inbred lines (A632, B73, Mol7, H99, and 
W64A). 
Aqueous extracts were prepared by using residue 
consisting mainly of stalks and leaves that had been 
collected from an Ames, Iowa field before harvest in 1984. 
The residues used in the bloassays were from the corn 
hybrids B73 x LH38 and Pioneer 3732. The residues had been 
air-dried and shredded using a Kemp chipper/shredder and 
then ground with a Wiley mill to pass through a 2 mm sieve. 
Samples of the ground residue were mixed with distilled 
water in a ratio of 1-g-of-residue-to-lO-ml-of-dlstilled-
water. To make the aqueous extracts, the residue-water 
slurry was placed in 3.8 L brown glass bottles and was 
shaken every 15 mln for 2 h. This slurry was then poured 
into another container through triple-layered cheesecloth. 
The residue caught in the cheesecloth was squeezed to obtain 
any additional extract. The extract was then poured into 
clean 3.8 L brown bottles, capped, and refrigerated. After 
two days of settling, siphoned extract was passed through a 
double-layer of coffee filters and then suctioned 
successively through a series of Whatman filters (#41, 14, 
and II) to remove solids and some microbial contaminates. 
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Meanwhile, seed were sorted and sized to +/- 0.005 g to 
Insure uniformity (Table 1). Before exposing the seed to 
residue extracts, the seed of each genotype were 
pregerminated in the dark for two days at 24°C by placing 
seeds between moistened steel-blue seed germination blotters 
(15 X 24 cm. Anchor Paper Co.) in clear, polystyrene boxes 
(27 X 16 X 4 cm, #A601, Flambeau Prod. Co.). After 
pregermination, seedlings were sorted for uniformity and 
diseased, stunted, or ungerminated seedlings were discarded. 
Table 1. Genotypes and seed weights used in the laboratory 
experiments 
Genotype Wt. range 
— g/10 seed — 
A632 2.27-2.32 
B73 1.98-2.03 
Mol7 2.27-2.32 
H99 . 2.27-2.32 
W64A 2.27-2.32 
B73 X Mol7 (BXM) 2.68-2.73 
B73 X LH38 (BxL) 2.27-2.32 
A632 X H99 (AXH) 2.27-2.32 
Each of the experimental runs consisted of 96 
germination boxes or experimental units, which consisted of 
treatment combinations that held eight genotypes, two 
treatments (extract and control), and six replications. 
Boxes were numbered for identification. Half the boxes 
contained blotter papers imbibed with 100 ml of distilled 
water and the other 48 boxes contained blotter papers 
imbibed with 100 ml of residue extract. Ten seedlings of a 
single genotype were placed between the two blotter papers 
in each box. All germination boxes were placed In a 
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cardboard box In the 24°C constant-temperature room and 
allowed to grow In darkness for seven days. The germination 
boxes were arranged In a randomized complete block design 
within the cardboard box. Blocks referred to the placement 
of the replications inside the cardboard container. This 
arrangement was made to compensate for any temperature 
stratification within the cardboard box or any processing 
effects due to the difference in harvest time (7 h) between 
the first and last samples. 
After seven days, the germination boxes were removed 
from the cardboard container and each seedling was separated 
into three parts. Using a razor blade, the coleoptile 
(shoot), roots, and seed (remaining endosperm) were divided. 
Thé coleoptile was separated just above the scutellar node. 
The roots consisted of seminal roots and the primary root. 
Lengths of the coleoptile and primary root were measured to 
+/- 0.5 mm. Components of all 10 seedlings from each box 
were then placed in three separate, labeled glass jars 
(root, shoot, and seed). The seedling components then were 
dried in a forced-air oven at 60°C for at least 48 h. 
Samples were removed from the oven, placed in a plastic 
desicator, and weighed on an analytical balance to +/-
0.0001 g. 
The root and shoot lengths as well as the root, shoot, 
and seed weights were analyzed from each experiment as a 
randomized complete block design. The shoot-to-root ratio 
(S/R) of both length and weight were calculated from the 
collected data and analyzed. The growth efficiency (G/R) 
was figured by shoot + root weight (growth) divided by the 
seedling respiration. The respiration of each seedling was 
calculated from the total seedling (shoot + root f remaining 
seed reserves) weight subtracted from the initial seed 
weight. The efficiency [growth to carbohydrates used (G/C)l 
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was figured by dividing the growth by the difference between 
the Initial seed weight and the remaining seed reserves at 
harvest. The growth efficiency (growth to respiration) was 
a measure of seedling growth. The efficiency was a measure 
of the use of the seed reserves. All ratios and 
efficiencies were analyzed from each experiment and In a 
combined analysis. 
In total, two runs were made with extracts from each 
residue (B73 x LH38 and Pioneer 3732). After all four runs 
had been completed, combined analyses of the two runs of 
each residue extract were done. Then, a combined analysis 
of all four runs was done. In the combined analysis, 
controls were averaged over runs. Analyses of variance, 
which had significant differences, had pertinent LSD tests 
performed on the data (Table Al). 
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RESULTS AND DISCUSSION 
The final analyses of variance from all four constant-
temperature-room runs are shown in Table 2. Extracts from 
both corn residues significantly influenced shoot lengths 
(SL), root lengths (RL), respiration weight loss (RWL), 
shoot-to-root dry-weight ratios (S/R), shoot dry weights 
(SW), root dry weights (RW), and remaining seed endosperm 
weights (RW) as compared with controls. Treatment x 
individual genotype Interactions, however, were significant 
only for the measured seedling shoot length differences. 
Table 2. Analyses of variance for shoot length (SL), root 
length (RL), shoot dry weight (SW), root dry 
weight (RW), remaining endosperm dry weight 
plant"^ (EW), respiration weight loss (RWL), 
shoot-to-root dry weight ratio (S/R), growth-to-
resplration ratio (G/R), and growth-to-used 
carbohydrates ratio (G/C) for all treatments 
Source SL RL SW RW 
ANOVA 
EW RWL S/R G/R G/C 
Run NS * NS NS NS NS NS NS NS 
Trt ** ** ** ** ** ** ** NS NS 
Gene *« NS ** ** * ** « ** ** 
Trt X gene * NS NS NS NS NS NS NS NS 
* and **=slgnifleant at the 5 and 1% levels, 
respectively; NS=not significant. 
The eight genotypes used in this study had quite 
different shoot lengths at the end of the seven-day-growth 
period, and the treatments (control, B73 x LH38 extract, and 
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Pioneer 3732 extract) significantly influenced seedling 
growth (Table A2). Corn genotype x treatment Interaction 
was also significant in the combined analysis of all four 
experimental runs. The genotypes tested different in their 
tolerance to the residue extract treatment. Genotypes, 
however, did not differ in extract tolerance for both 
residues (Table A3). The reductions in length between the 
averaged controls and the B73 x LH38 treated shoot lengths 
did not show significant genotype x treatment variation. 
The B73 X LH38 extract reduced shoot growth in A632, B73, 
and B73 x Mol7, but did not significantly affect one 
genotype more than another. The Pioneer 3732 extract was 
toxic to all the genotypes tested. The genotype most 
affected by this extract was B73 x LH38 and A632 x H99, as 
these shoot lengths were significantly restricted in the 
residue-extract treatment. The Pioneer 3732 extract did 
show a significant genotype x treatment interaction. The 
two extracts affected the genotypes differently. The 
reductions in shoot length calculated for each genotype and 
for each extract are pictured in Fig. 1. 
Root length was also reduced by residue treatment In 
the four-run analysis (Table A4), but individual genotypes 
did not differ in their tolerance to residue extract in the 
combined analysis. No significant variation was observed in 
the response of genotypes to the extract from B73 x LH38 
(Table A5). The Pioneer 3732 extract, however, showed some 
evidence of slight genotypic variation in response to the 
extract. The B73, B73 x LH38, and A632 x H99 genotypes were 
most severely and significantly restricted in root length by 
this extract. The differences in root lengths for each 
extract are shown in Fig. 2. 
Extract treatment, when shoot and root differences were 
averaged for each genotype across residue extracts, showed 
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Fig. 1. Genotype means for reductions in shoot length caused by each 
residue extract treatment (B73 x LH38 and Pioneer 3732) as 
compared with the control 
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Fig. 2. Genotype means for reductions in root length caused by each 
residue extract treatment (B73 x LH38 and Pioneer 3732) as 
compared with the control 
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some genotyplc variation since the Pioneer 3732 extract so 
strongly affected the seedlings (Table A6). All genotypes 
had shoot length inhibited by extract treatment except for 
H99. The hybrid B73 x LH38 was the seedling that had the 
most repression of shoot lengths by an extract treatment. 
All genotypes when averaged over both extract treatments, 
still had root length inhibited by extract treatment. In 
this case, A632 x H99 was the genotype whose root length was 
Inhibited the most by extract treatment. 
Shoot dry weights (Table A7) were reduced by residue 
treatment as were root dry weights (Table A8). Neither the 
shoot nor the root weight differences, however, had 
significant genotype x treatment interactions. In the 
individual extract analyses, only the Pioneer 3732 extract 
showed significant treatment effect for both shoot and root 
weight. Weight of the remaining seed endosperm after seven 
days (Table A9) was also reduced by the residue treatment in 
the combined analysis and with the Pioneer 3732 extract. 
But, plant genotypes showed no individual variance in the 
combined analysis or in the individual extract analyses for 
susceptibility to extract toxins. 
The seedling respiration rates (Table AlO), calculated 
from initial seed weights and ending seedling weights, were 
significantly reduced for residue treatments In the combined 
analysis. Individual analyses of each extract showed that 
the two extracts were different in their inhibitory 
activity. The Pioneer 3732 extract was more detrimental to 
some seedlings than to others. The B73 x LH38 extract was 
inhibitory to growth, but did not selectively inhibit the 
genotypes. Shoot-to-root dry-weight ratios (Table All) were 
increased by extract treatment, but no variance among 
genotype susceptibility to the treatments was seen in the 
combination analysis. The individual analysis for Pioneer 
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3732, however, did have a treatment x genotype Interaction. 
The inbred H99 had a larger shoot-to-root ratio In the 
Pioneer 3732 analysis than the other genotypes. The H99 
ratio was the largest when treated with the residue extract 
as compared to the control. 
The ratio of growth to respiration (Table A12) did not 
show treatment effects, and once again no significant 
genotype x treatment interaction was seen. The ratio of 
seedling growth to carbohydrates used (or the efficiency) 
among the corn hybrids and inbreds showed no difference with 
residue treatment (Table A13), and thus had no significant 
genotypic variation for the treatments. 
The shoot-weight data showed that reductions for the 
B73 X LH38 extract had slight increases in shoot weights for 
all the genotypes, except A632 and A632 x H99 (Table A14). 
No genotype x treatment Interaction, however, was noted with 
these slight differences (Fig. 3). The Pioneer 3732 
extract, however, had significantly different responses 
between A632 x H99 and A632. The shoot dry weight of the 
hybrid A632 x H99 was reduced the most by the Pioneer 3732 
extract. The Pioneer 3732 extract caused a significantly 
greater reduction In shoot dry weight than the B73 x LH38 
extract. 
With the individual extract treatments analyses, the 
difference between dried root weights showed significant 
genotype x treatment interaction (Table A15). The inbred 
B73 was the genotype most restricted by the B73 x LH38 
extract. The Pioneer 3732 extract significantly restricted 
Mol7, W64A, and all hybrid root weights more than that of 
A632. While, both extracts tended to reduce root dry 
weights, the B73 x LH38 extract stimulated Mol7 and B73 x 
Mol7 root weights. Additionally, the Pioneer 3732 extract 
generally reduced root dry weights more than the B73 x LH38 
Shoot wt. reduction (g) 
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Genotype means for reductions in shoot weights caused by each 
residue extract treatment (B73 x LH38 and Pioneer 3732) as 
compared with the control 
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extract. The action of each extract treatment on the 
genotypes are shown in Fig. 4. 
Although the corn genotypes tested here did not dlEfec 
In their tolerance to specific corn residues for all 
seedling parameters measured, the aqueous extracts 
definitely exerted toxic effects on the shoot length of 
Individual genotypes. Other studies have also reported 
inhibitory properties of corn residues (Yakle and Cruse, 
1984; Glenn, 1983). Indeed, the Pioneer 3732 corn extract 
seems to limit corn seedling shoot length more than the B73 
X LH38 extract. The inhibitory action exerted by each 
extract on certain growth parameters measured differed, 
depending on the corn genotype being tested. Perhaps this 
variability in the response of genotypes to individual 
residue extracts shows that corn genotypes vary in their 
tolerance. In severe environmental constraints such as in 
the field. Individual corn genotypes could be even more 
susceptible and more variable in their susceptibility to 
residue toxins than shown in this study. Residue extracts 
do seem to exert a toxic effect on corn seedlings. And as 
shown In the growth parameter shoot length, genotypes seem 
to show variable tolerances to certain corn-residue 
extracts. 
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Fig. 4. Genotype means for reductions in root weights caused by each 
residue extract treatment (B73 x LH38 and Pioneer 3732) as 
compared with the control 
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APPENDIX 
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Table Al. Statistical analyses Information 
Statistical analyses were performed on Iowa State 
University's WYLBUR system using SAS general linear models 
procedure as listed in SAS User's Guide (Statistical 
Analysis System Institute, 1982). 
Data were analyzed for replication effects, but the 
results are not presented in the analysis of variance 
tables. 
Dependent variables were analyzed for treatment 
effects. Significantly different treatments were at F 
probabilities less than 0.05. The LSD at the 0.05 level 
showed significant differences between treatments. 
Table A2. Shoot length analysis for the four combined runs 
using B73 x LH38 and Pioneer 3732 extracts and 
controls 
Source DP SS F 
Run 1 1.7139 0.01 NS 
Trt 2 14822.6654 56.29 *« 
Gene 7 35788.2053 38.83 ** 
Trt X gene 14 4714.8809 2.56 * 
Error 23 3028.0962 
* and **=signifleant at the 5 and 1% levels, 
respectively; NS-not significant. 
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Table A3. Genotype means for shoot length reductions and 
percentage reductions caused by residue extract 
treatments as compared with controls^ 
Mean difference Mean percentage 
Genotype 873 X LHSS^ P-3732° B73 X LH38^ P-3732® 
- mm - - mm - - % - - % -
A632 7.79a 11.59c 12.11a 17.82bc 
B73 1.65a 36.13a—c 1.33a 27.04a-c 
Mol7 -10.68a 29.90c -11.61a 32.OOa-c 
H99 -14.67a 12.78c -11.17a 9.71c 
W64A -9.52a 23.31c -9.60a 16.99bc 
BxM 3.48a 35.42bc 2.27a 24.39a-c 
BxL -7.02a 67.73a -4.70a 44.11a 
AxH -6 « 60a 61.98ab —4.13a 37.78ab 
Avg. -4.45 34.86 -3.19 26.23 
^Within a column, means followed by the same letter are 
not significantly different (alpha=0.05). 
^Shoot dlf. L8D--alpha=0.05, DF=7, MSE=447.0470, and 
LSD=50.00. 
^Shoot dlf. LSD~alpha=0.05, DF=7, MSE=182.1020, and 
LSD=31.91. 
^Shoot % LSD—alpha=0.05, DP=7, MSE=303.1580, and 
LSD=41.17. 
®Shoot % LSD—alpha=0.05, DF=7, MSE=123.1790, and 
LSD—26,24. 
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Table A4. Root length analysis for the four combined runs 
using B73 x LH38 and Pioneer 3732 extracts and 
control treatments 
Source DP 88 F 
Run 1 1217.4631 0.65 * 
Trt 2 261977.5195 70.39 ** 
Gene 7 10189.6079 0.78 NS 
Trt X gene 14 12622.2944 0.48 N8 
Error 23 42803.0935 
* and **=signlficant at the 5 and 1% levels, 
respectively; NS=not significant. 
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Table AS. Genotype means for root length reduction and 
percentage reduction caused by residue extract 
treatments as compared with controls^ 
Genotype 
Mean difference Mean percentage 
B73 X LH38b P-3732® B73 x LH38*^ P-3732® 
— mm - - mm - - % - - % -
A632 33.22a 111.82c 18.98a 63.68a 
B73 23.59a 180.47ab 1.05a 87.29a 
Mol7 3.69a 138.49bc -2.76a 70.91a 
H99 6.19a 155.79a-c -0.80a 90.72a 
W64A ~8.48a 138.03bc -6.31a 78.04a 
BxM 19.11a 161.80a-c 4.92a 71.58a 
BxL 17.96a 214.03a 5.10a 92.08a 
AXH 24.99a 209.12a 3.7 6a 91.27a 
Avg. 15.03 163.69 2.99 80.70 
^Within a column, means followed by the same letter are 
not significantly different (alpha=0.05). 
^Root dlf. LSD~alpha=0.05, DF=7, MSB=1653.3600, and 
LSD=96.15. 
c^oot dlf. LSD--alpha=0.05, DF=7, MSE=644.5060, and 
LSD=60.03. 
^Root % LSD~alpha=0.05, DP=7, MSE=338.6760, and 
LSD=43.52. 
®Root % LSD—alpha=0.05, DF=7, MSB=214.2130, and 
LSD=34.61. 
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Table A6. Genotype means for shoot and root length average 
reduction and percent reduction caused by residue 
extract treatments as compared with controls* 
Shoot Shoot Root Root 
Genotype dif.b dif.* 
- mm - - % - - mm - - % -
A632 9.69ab 14.97a 72.52ab 41.33a 
B73 18.89ab 14.19a 102.03ab 44.17a 
Nol7 9.Slab 10.20a 71.09ab 34.08a 
H99 -0.94b -0.73a 80.99ab 44.96a 
W64A 6.89ab 3.69a 64.77b 35.87a 
BXM 19.45ab 13.33a 90.45ab 38.25a 
BxL 30.36a 19.70a 116.00ab 48.59a 
AxH 27.69ab 16.83a 117.05a 47.52a 
Avg. 15.21 11.52 89.36 41.85 
^Within a column, means followed by the same letter are 
not significantly different (alpha=0.05). 
^Shoot dif. LSD~alpha=0.05, DF=7, MSB=303.1540, and 
LSD=26.24. 
®Shoot % LSD—alpha=0.05, DP=7, MSE=243.0070, and 
LSD=26.07. 
*Root dif. LSD—alpha=0.05, DF=7, MSE=H76.9500, and 
LSD=51.71. 
^Root % LSD—alpha=0.05, DP=7, MSE=419.5260, and 
LSD=30.87. 
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Table A7. shoot dry weight plant ^ analysis after seven 
days of growth using B73 x LH38 and Pioneer 3732 
residue extracts and controls 
Source DF SS P 
Run 1 0.0000 0.01 NS 
Trt 2 0.0586 17.01 ** 
Gene 7 0.1670 13.84 ** 
Trt X gene 14 0.0127 0.52 NS 
Error 23 0.0396 
**=slgnlfleant at the 1% level; NS=not significant. 
Table AS. Root dry weight plant analysis after seven days 
of growth using B73 x LH38 and Pioneer 3732 
residue extracts and controls 
Source DF SS F 
Run 1 0.0024 1.48 NS 
Trt 2 0.2308 69.66 it* 
Gene 7 0.0759 6.55 ** 
Trt X gene 14 0.0227 0.98 NS 
Error 23 0.0381 
**=signlfleant at the 1% level; NS=not significant. 
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Table A9. Endosperm-dry-weight plant analysis after seven 
days of growth using B73 x LH38 and Pioneer 3732 
residue extracts and controls 
Source DF SS F 
Run 1 0.0000 0.01 NS 
Trt 2 0.0163 35.63 icit 
Gene 7 0.0047 2.95 # 
Trt X gene 14 0.0027 0.85 NS 
Error 23 0.0053 
* and **=slgnifleant at the 5 and 1% levels, 
respectively; NS=not significant. 
Table AlO. Dry weight plant~^ loss from seedling 
respiration analysis after seven days of growth 
using B73 x LH38 and Pioneer 3732 residue 
extracts and controls 
Source DF SS F 
Run 1 0.0023 0.85 NS 
Trt 2 0.3433 63.95 ** 
Gene 7 0.2456 13.07 ** 
Trt X gene 14 0.0423 1.13 NS 
Error 23 0.0617 
**=signifleant at the 1% level; NS=not significant. 
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Table All. Shoot-to-root dry-weight ratio plant~^ analysis 
after seven days of growth using B73 x LH38 and 
Pioneer 3732 residue extracts and controls 
Source DF SS F 
Run 1 6.3492 3.82 NS 
Trt 2 56.9585 17.12 ** 
Gene 7 33.2715 2.86 # 
Trt X gene 14 25.1022 1.08 NS 
Error 23 38.2712 
* and **=significant at the 5 and 1% levels, 
respectively; NS=not significant. 
Table A12. Ratio of growth to respiration plant"^ analysis 
after seven days of growth using B73 x LH38 and 
Pioneer 3732 residue extracts and controls 
Source DP SS F 
Run 1 0.0022 1.72 NS 
Trt 2 0.0030 1.18 NS 
Gene 7 0.0392 4.42 ** 
Trt X gene 14 0.0075 0.42 NS 
Error 23 0.0291 
**=slgnificant at the 1% level; NS=not significant. 
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Table A13. Ratio o£ growth to used carbohydrates plant 
analysis after seven days of growth using B73 x 
LH38 and Pioneer 3732 residue extracts and 
controls 
Source DP SS F 
Run 1 0.3314 1.52 NS 
Trt 2 0.5485 1.26 NS 
Gene 7 7.5992 4.99 ** 
Trt X gene 14 1.3478 0.44 NS 
Error 23 5.0085 
**=slgnlfleant at the 1% level; NS^not significant. 
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Table A14. Genotype means for shoot weight reductions and 
percentage reductions caused by residue extract 
treatments as compared with controls* 
Mean difference Mean percentage 
Genotype B73 X LHSS^ P-3732° B73 X LH38* P-3732® 
- 9 - - 9 - - % - - % -
A632 O.Ola 0.02b 5.91a 8.07a 
B73 -O.Ola 0.07ab -4.06a 20.70a 
Mol7 -0.05a 0.03ab -19.47a 11.21a 
H99 -0.05a 0.04ab -16.24a 12.60a 
W64A -0.03a 0.07ab -13.05a 21.17a 
BxM -0.03a 0.08ab —10.86a 20.15a 
BxL -0.03a O.OSab -10.74a 13.73a 
AxH 0.00a 0.11a 0.73a 27.41a 
Avg. -0.02 0.06 -8.47 16.88 
^Within a column, means followed by the same letter are 
not significantly different (alpha=0.05). 
^Shoot dif. L8D--alpha=0.05, DP=7, MSE=0.0026, and 
LSD=0.12. 
^Shoot dif. LSD—alpha=0.05, DF=7, MSE=0.0017, and 
LSD=0.10. 
^Shoot % LSD—alpha=0.05, DP=7, MSE=225.7510, and 
LSD=35.53. 
®Shoot % LSD—alpha=0.05, DF=7, MSB=140.5540, and 
LSD=28.03. 
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Table Âl5. Genotype means £or root weight reductions and 
percentage reductions caused by residue extract 
treatments as compared with controls* 
Genotype 
Mean difference Mean percentage 
B73 X LH38*' P-3732® B73 X LH38'^ P-3732® 
- g - - g - - % - - % -
A632 0.02ab 0.08b 10.31a 41.51b 
B73 0.05a O.lSab 16.04a 63.60ab 
Mol7 -O.Olab 0.16a -4.29a 59.40ab 
H99 O.Olab 0.13ab 3.56a 74.30a 
W64A O.OOab 0.17a -2.33a 70.14a 
BxM -0.04b 0.18a -12.96a 65.04ab 
BxL O.OOab 0.18a -0.56a 61.42ab 
AxH 0.04ab 0.16a 13.40a 62.14ab 
Avg. 0.01 0.15 2.90 62.19 
^Within a column, means followed by the same letter are 
not significantly different (alpha=0.05). 
^Root dlf. LSD--alpha=0.05, DP=7, MSE=0.0012, and 
LSD=0.08. 
°Root dlf. LSD—alpha=0.05, DP=7, MSE=9.7 x lO"*, and 
LSD=0.07. 
^Root % LSD—alpha=0.05, DF=7, MSE=295.9700, and 
LSD=40.68. 
®Root % LSD--alpha=0.05, DF=7, MSE=137.1590, and 
LSD=27.69. 
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GENERAL SUMMARY AND CONCLUSIONS 
Through the use of field, growth chamber, and constant-
temperature room experiments, this study was designed to 
determine the variability among corn genotypes for tolerance 
to corn residue, to determine if fall plowing is more 
advantageous to certain genotypes than no-till, and to 
determine if corn residue limits corn growth and yield in 
second-year corn fields. 
By sequentially eliminating environmental factors that 
could cause reduced crop growth and yield, these three 
experiments indicated that residue can influence subsequent 
crop growth. In the field trials, CC and NT plots had the 
lowest yields among the tillage and rotation treatments. 
Mathematical manipulation of the field data Indicated that 
the decomposing residue (B73 x LH38 residue) on the surface 
or incorporated into the soil limited corn growth. In 
general, plants grown in plots with residue had shorter 
plant heights, fewer leaves, less leaf area, higher field 
moistures, less dry matter accumulation, slower silking and 
tasseling, lower plant populations, fewer ears, and less 
yield. Thus, corn residue probably does limit corn growth 
and yield In second-year corn fields. 
Further proof of residue toxicity was obtained in the 
growth chamber trials. Individual residues again reduced 
plant heights, leaf numbers, and harvest dry weights. In 
this experiment, nine residues were tested on the eight 
genotypes that were grown. The temperature, lighting, soil 
type, soil moisture, and soil fertility were strictly 
controlled. Even with the environmental variables 
controlled, the residues were toxic to corn growth. In 
general, the hybrid residues B73 x Mol7, B73 x LH38, and 
A632 X H99 were the most toxic residues tested. Most of the 
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residues, however, were toxic to corn to some extent. 
In the constant-temperature-room trials, the two hybrid 
residue extracts that were tested (B73 x LH38 and Pioneer 
3732) also showed different toxicity levels. These residue 
extracts affected shoot and root length of the pregerminated 
seedlings as well as plant dry weights. In these runs, 
temperature, lighting, and moisture were kept constant. No 
soil was used, and each extract was filtered to reduce 
fungal contamination. In this experiment, residue extract 
was probably the only factor affecting plant growth. 
Extract treatment did inhibit plant length and weight, and 
this reduction depended on the extract used. 
Besides exhibiting different toxicity levels, the 
constant-temperature-room extracts had varying inhibitory 
effects on the various genotypes tested. Shoot length 
differences had significant genotype x treatment 
Interaction. Because each genotype differed in their 
response to extract treatments, it is possible that the corn 
genotypes do differ in their tolerance to specific corn 
residues. The genotypes that had shoot length most reduced 
by the Pioneer 3732 extract were B73 x LH38 and A632 x H99. 
In the growth-chamber trials, the combined analyses of all 
runs did not show significant genotype x treatment 
Interactions. The significant differences between runs, 
however, could have masked any genotypic differences in 
residue tolerance. In the field studies, genotype x 
cropping rotation x tillage interaction was significant for 
plants ha~^ when the analysis was performed over all the 
environments. This interaction shows that the genotypes 
could vary in their response to combined effects of residue 
and tillage. The inbreds Mol7 and B73 and the hybrid B73 x 
LH38 were the most affected in final yield by the combined 
residue and tillage effects. The hybrid B73 x LH38 was the 
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most affected by the residue-rotation effect, followed by 
the LH38 and B73 parent inbreds. This rotation effect 
greatly changed yields among the genotypes. Fall plowing 
improved yields only slightly when corn followed corn. The 
genotypes B73 and A632 x H99 had the greatest yield 
reductions due to the NT treatment for the two years of the 
study. 
Fall-plowed plots were better for certain corn 
genotypes. Under NT, the B73 inbred had 323 kg ha'^ less 
grain yield than in FP, when yield was calculated from the 
tillage means averaged over all locations and all years. 
The hybrid A632 x H99 lost an average of 207 kg ha"^ each 
year. These two genotypes would have yielded more under FP 
conditions. On the other hand, the genotypes Mol7, H99, 
LH38, B73 X Mol7, and B73 x LH38 had no yield reductions 
attributed to the no-till treatment when yields were 
averaged over all environments. Lastly, the genotypes, 
which did have mean yield reductions in NT averaged over all 
locations and years, actually varied in their response to 
tillage each year. Other environmental factors strongly 
contribute to grain yield, and can probably increase or 
decrease the effects of tillage. 
Realizing that residue toxicity probably is one factor 
affecting corn growth and yield, one must also realize that 
other environmental factors can mask or increase this 
residue effect. While residue tolerance may not be a factor 
on which to base the choice of the corn genotypes for 
planting, residue toxicity may become more important the 
longer a field is kept in continuous corn. Certain hybrid 
lines may exert more residue toxicity than do others, and 
these more toxic hybrids may not perform well in continuous 
corn systems. Indeed, a cropping system that utilizes a 
rotation to another crop is probably the best management 
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practice at the present time. In the future, however, 
farmers may be able to choose corn hybrids that produce 
residues with low levels of toxicity. Then, continuous corn 
systems may have yields as good as those in alternate crop 
rotations. 
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